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The CADR mtcroproeessor is a general purpose processor design^ tm 
conveniefit emufatton of complex order codes, particularly those involvittg stacks iiid 
pointer inafiipiilatton. It is the central processor in the LISP machim project* where it 
interfH^ts the Mt-efHcient 1 6-bit order code produced by the LISP machifte cmnpitor. 
(The terms **LI^ machine'' and XADR machine'' are sometimes coitfused. In tim 
document, the CADR machine is a particular design of microprocessor, while the LBP 
machine is the CADR machine plus the microcode which interpret the LISP oiachine 
order code.) 

The data paths of the CADR machine are 32 bits wide. Each 48-bit-wide 
microcode instruction specifies two 32-bit data sources from a variety of internal 
scratchpad registers; the two data-manipulation instructions can also specify a destination 
address. The internal scratchpads include a IK pointer-addressable RAM intended for 
storing the top of the emulated stack, in a manner similar to a cache. Since in the LISP 
machine a large percentage of maia memory references will be to the stack, this 
materially speeds up the machine. 

The CADR machine has a 14-bit microprogram counter, which behaves much 
like that of a traditional processor, allowing up to 16K of writable microprogram memory. 
Also included is a 32-location microcode subroutine return stack. 

Memory is accessed through a two-level virtual paging system, which maps 24-bit 
virtual addresses into 22-bit physical addresses. 

There are four classes of micro-instructions. Each specifies two sources (A and 
M); the ALU and BYTE operations also specify a destination (A, or M plus functional). 
The A bus supplies data from the 1024-word A scratchpad memory, while the M bus 
supplies data from either the 32-word M scratchpad memory (a copy of the first 32 
locations of the A scratchpad) or a variety of other internal register. The four classes of 
microinstruction are: 

ALU The destination receives the result of a boolean or arithmetic operation 

performed on the two sources. 

BYTE The destination receives the r»ult of a byte extraction, byte depc^t, or 
selective field substitution from; one source to the other. The byte so 
manipulated can be of any non-zero width. 

JUMP A transfer of <x>ntrol occurs, conditional on the value of any bit accessible to 
the M bus, or on a variety of ALU and other internal condition such m 
pending interrupts and page faulte. 

0ISPATCH A transfer of control occurs to a location determined t^ a word from the 
dispatch memory selected by a byte of up to seven bits extracted from thfi M 
bus. 

There are several sources and destinations whose loading and use invoke special 
Ktion by the microprocessor. These include the memory address and memory data 
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Kgtsters» whose use initiates main meiiiory cy^ 

ScHne oi the ALU operations are conditional depending upon tiie loir ordtt hit 
in the Q register and the sign of A source. These operations are vsed f or multiidy and 
divide steps. 

The main features of this machine which make it suitable for interpreting the 
LISP machine order code are its dynamicaUy writable microcode, its very flexible 
dispatching and subroutining. its excellent byte maniputation abilities, and its internal 
stack storage. While the d^ign of CADR was strongly influenced by the requirements of 
the LISP machine design, a conscious attempt was made to avoid features that are 
extremely speciai-purpose. The goal b a machine that happens to be good at interpreting 
the particular order code of the LISP machine, but which is general enough to interpret 
others almost as well. In particular, no critical parts of the LISP machine design (such as 
LISP machine instruction formats) are ''wired in**; thus any changes to the LISP machine 
design can be easily accomodated by CADR. However, there are several •'efficiency 
hacks" in the hardware, designed to spe^ up certain comn^in operations of the LISP 
machine microcode, which might not be useful for other microrades. These are described 
in later s^tions of thb document. 

Notfttioiial Conventions 

AH numbers used to describe bit positions, field widths, n^mory si^es, etc. are 
decimal. Octal is used only (and exclusively) to describe the values of fields. Bite within 
a word are consistently numbered from right to left, the least significant bit being bit 
<0>. Fields are described by the numbers of their most and least significant bite (e.g. 
"bite<2M0>"). 

Whenever a particular field value is described as ^illegaf, it does not mean that 
specifying that value will screw up the operation of the machine. It memly indicates a 
value which happens to have a certain function, not because it is considered di^^tty 
useful, but because the internal workings of the machine may force certain selectors to 
that value for other reasons, and the user can select this vahie too even though it is not 
normally useful. These illegal values are described for the benefit of someone who may 
wish to fathom these inner workings. 

A field value described as "unused" is reserved for po^ible design expansion and 
should not be used in programs. Bit fields described as "unused" should be zero in 
programs, for the sake of future compatibility. 
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Since the use of the term *'micro** m referring to registers and instractions 
becomes redundant, its use will be dropped from here on in this part of the documoit 
Ail instructions discussed are microinstructions. 

The following bits are treated the same in every instruction. They will not be repeated in 

the individual instruction descriptions 

IR<48> « Odd parity bit 

IR<47> « Unused 

IR<46> « Statistics (see the description of the Statistics Counter) 
This can be used to count how sany tines specified areas 
of the sicrocode are executed, to iDplfBent sicrocode 
breakpoints, or to stop the machine at a certain *tiM*. 

IR<45> s ILONG (1 means slow clock) 

IR<44-43> « Opcode (0 ALU, 1 JUHP, 2 DISPATCH, 3 BYTE) 

IR<42> « POPJ transfer. Causes a return fros a nicro subroutine, 
after executing one additional instruction. 

IR<11-10> « niscf^Uaneous Functions 

Normal 

1 Not used 

2 Write dispatch memory, if opcode is DISPATCH. 

3 Enable modification of the n*ROTATE field by the 
location counter (LC). See the description of the 
instruction-stream hardware* 
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Dftti Paths 



The data paths of the machine consist of two source hnsses A and M. which 
provide data tp the ALU and byte extractor, and an output bus OB, which is selected 
' from the ALU (optionally shifted left or right) or the output of the byte extractor, and 
whose data can be routed to various destinations. We first describe the specif ication of 
the source busses, which are identically specified for all instructions; then the destinatioii 
specifiers which control where results are stored; and finally the two instmctiom for 
controlling the ALU and the byte extractor. 
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ioQrcet 

Ail instructions specify sources in the same way. There are two source busses in 
the machine* the A bus and the M bus. The A bus is driven only from the A scratchpad 
memory of 1024 32-bit words. The M bus is driven from the M scratchpad of 32 32-bit 
words and a variety of other sources, including mam memory data and control registers, 
the PC stack (for restoring the state of the processor after traps), the internal stack buffer 
and its pointer registers, the macrocode location counter/ and the Q register. Addressel 
for the A and M scratchpads are taken dir^tly from the instruction. The alternate 
sources of data for the M source are specified with an additional bit in the M source fleld. 

IR<4i-32> s A source address 
IR<3i*26> 8 n source address 
If IR<31> » 0, 

IR<30«*26> s N scratchpad address 
If IR<31> s 1, 

IR<30-26> « H •functional" source 

Dispatch constant (see below) 

1 SPC pointer <28-24>, 5PC data <18-B> 

2 POL pointer <9-0> 

3 PDL index. <9-0> 

5 PDL Buffer (addressed by Index) 

6 OPC registers (see below) <l3-0> 

7 Q register 

10 VHA register (nemory address) 

11 HAPCHD] 

12 NO register (Demory data) 

13 LC (location counter) 

14 SPC pointer and data» pop 

24 PDL buffer t addressed by Pointer p pop 

25 POL buffer, addressed by Pointer 

Functional sources not listed above should not be used and may have side effects. Sources 
15t 16^ and 17 are reserved for future expansion. Source 4 is the PDL buffer, indexed by 
the PDL Index, and the PDL pointer is decremented, presumably a useless operation. 

Programming hint: it is often convenient to reserve one A memory word and one M 
memory word and fill them with constant zeros, to provide a zero source for each source 
bus. It is also convenient to have an M memory word containing all ones. These are 
particularly useful for byte extraction, masking, bit setting, and bit clearing operations. 
The CX>NSLP assembler in fact assumes that A memory location 2 and M n^mory 
location 2 are sources of zeros. The UCONS microcode stores all ones in location 3. 

The M scratchpad normally contains a duplicate copy of the first 32 locations of the A 
scritchpad. The effect is as if there were a single scratchpad memory, the first 32 
locations of which were dual-ported. This makes programming more convenieht, since 



The CADR Microprocessor 



these tocatiom are accessible to both sides of the ALU and shifter. 
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Destiitfttions 

The 12-bit destination field in the BYTE and ALU instnictions specifies where the result 
of the instruction is deposited. It is in one of two forms, depending upon the high-order 
bit. If the high-order bit is 1 , then the low IQ bits are the address of an A roeinory 
location, and the remaining bit is unused. If the high order bit is 0, the low 10 bits ire 
divided into a 5-bit ^'functional destination'' field, and a 5-bit M scratchpad address, and 
both of the places specified by these fields get written into. The next-to-highest bit in the 
destination field is not used. 

IR<25-14> « Destination 
If IR<25> si, 

IR<23-14> s A scratchpad write address 
If IR<25> « 0, 

IR<23-19> s Functional destination write address 
None 

i LC (Location Counter) 
2 Interrupt Control <29-26> 

Bit 26 s Sequence-Break request 
Bit 27 s Interrupt-Enable 
Bit 28 s Bus-Reset 
Bit 29 s LC Byte-mode 

10 PDL (addressed by Pointer) 

11 PDL (addressed by Pointer), push 

12 PDL (addressed by Index) 

13 PDL Index 

14 PDL. Pointer 

15 SPC data, push 

16 Next instruction nodif ier 

("OA register"), bits <25-0> 

17 Next instruction aiodif ier 

(•OA register"), bits <47-26> 

20 VHA register (meDory address) 

21 VKA register, start main Bienory read 

22 VHA register, start aiain ■emory write 

23 VHA register, write nap. The «ap is 

addressed f roa HD and written frM 
VBA. VBA<26>sl writes the level I 
MP froB VFIA<31-27>. VHA<25>«1 writes 
the level 2 map from VHAC23-0>. 

30 RD register (aieaory data) 

31 HD register, start «in ■e«ory read 

32 RD register, start amin seaory write 

33 RD register, write Mp like 23 
IR<18-14> s R scratchpad write address 
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Functional destinations not listed may have strange results. Destinations 3-7 are reserved 
for expansion. 

Note: If you write into the M-memory. the machine will also write into the 
corresponding A-memory address. Therefore you should never write into A-roenK>ry 
locations 0-37; this way the first 40 (octnl) locations of A-roemory •*«»? into** the M- 
memory. 

The full details of the more complicated functional destinations are described in later 
sections below. The Q register is loaded by using the Q-control field of the ALU 
instruction, not by using a functional destination. In addition, it loads from the ALU 
outputs, not the output bus. This means that the left and right shift operations are 
ineffective for data being loaded into 0- 

Programming hint: if a functional destination is specified, an M scratchpad location must 
also be specified. It is convenient to reserve one location of the M scratchpad for 
"garbage"; this Itxation can be specified when it is desired to write into a functional 
destination but not into any other M scratchpad location. Since the CXJNSLP assembler 
defaults the M write address to zero, it is best to let location be the garbage location- 
Location of the A scratchpad will also be written and is also reserved as a garbage 
location. 
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Irhe ALU InstroctioR 



The ALU operation performs most of the arithmetic in the machine. It specifics 
two sources of 32 bit numbers, and an operation to be performed by the ALU. The 
operation can be any of the 16 boolean functions on two variables, two's complement 
addition or subtraction, left shift, and several less useful operations. The carry into the 
ALU can be forced to be or 1. The output of the ALU b optionally shifted one place, 
and then written into the specified destinations via the output bus. Additionally, the 
ALU instruction specifies one of four operations upon the Q register. These are do 
nothing, shift left, shift right, and load from the ALU outputs. An additional bit in the 
ALU operation field is decoded to indicate conditional operations; this is how the 
"multiply step" and "divide step" operattons are specified. (Multiplication and division are 
explained in greater detail in another section.) 



IR<44-43> s: (ALU opcode) 
IR<41*32> « A source 
IR<31-26> s H source 
IR<25-14> s Destination 
IR<13-12> « Output bus control 

Byte extractor putput( illegal) 

1 ALU output 

2 ALU output shifted right one, with the correct 
sign shifted in, regardless of overflow. 

3 ALU output shifted left one, shifting in (K3i> 
from the right. 



IR<9> 


s not used 


IR<8-4> 


s ALU operation 




If IR<8> s 0, 




IR<7-3> 




If IR<8> - 1, 




IR<7-3> 



s ALU op code (see table) 

s Conditional ALU op code 

Hultiply step 

1 Divide step 

5 ReDainder correction 
U Initial divide step 

IR<2> « Carry into low end of ALU 

IR<l-0> « Q control 

Do nothing 

1 Shift Q left, shifting in the inverse 

of the sign of the ALU output (ALU<31» 

2 Shift Q rii^t, shifting in the low bit 

of the ALU output (ALU<0» 

3 jLoad Q f roB ALU output 



le 
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ALU operation codes (from Table 1 of 74181 specifications); AH arithn^tic operatioiis 
are two*s complement. Note that the bits are permuted in soch a way as to make the 
logical operations come out with the same opcodes as used by the Lisp KX3LE functtcm. 
Names in square brackets are the CONSLP mnemonics for the operations. 
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The BYTE Instruction 



The BYTE instruction specifies two sources and a destination in the same way as 
the ALU instruction, but the operation performed is one of selective insertion of a byte 
field from the M source into an etjual length field of the word from the A source. The 
rotation of the M source is specified by the SR bit as either zero or equal to the contents 
of the ROTATE field. The rotation of the mask used to select the bits replaced is 
specified by the MR bit as either zero or equal to the contents of the ROTATE field. 
The length of the mask field used for replacement is specified in the LENGTH MINUS 1 
field. The four states of the SR and MR bits yield the following operations: 

MR=OSR=0 Not useful (This is a subset of other modes.) 

MR=0 SR=1 LOAD BYTE PDP-IO LDB instruction (except the unmasked bits 

are from the A source). A byte of arbitrary position from the M source is 

right-justified in the output. 

MR=1 SR=0 SELECTIVE DEPOSIT The masked field from the M source is used to 
replace the same length and position byte in the word from the A source. 

MR=1 SR=1 DEPOSIT BYTE PDP-IO DPB instruction. A right-justified byte 

from the M source is used to replace a byte of arbitrary position in the word 
from the A source. 

The BYTE instruction automatically makes the output of the byte extractor available l^ 
forcing the output bus select code to (byte extractor output). 



IR<44-43> s 3 (BYTE operation) 

IR<4l-32> s A source 

IR<31-26> = H source 

IR<Z5-14> s Destination 

IR<13> s HR s Hask Rotate (see above) 

IR<12> = SR = Source Rotate (see above) 

IR<9-5> « Length of byte minus 1 (0 Beans byte of length 1, etc.) 

IR<4-0> * Rotation count (to the left) of aask and/or H source 



The byte operation rotates the M source by (if SR=0) or by the rotation count 
(if SR=l), producing a result called R. It also uses the MR bit. the rotation count, and 
the length minus 1 field to produce a selector mask (see description below). This mask is 
all zeros except for a contiguous section of ones denoting the selected bjrtc. Ttiis mask is 
used to merge the A source with R, bit by bit. selecting a bit from A if the mask is and 
from R if the mask is I . This result is then written into the spedfied ilestination(s). 



It 
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Output of mask memories: 

Right mask memory is indexed by (MR=0) or by rotation count (MR=1). 
Left mask memory is indexed by (the index into right mask memory) plus 
(the length minus 1 field), mod 32. 



octal lEFT mSK MEMORY contentf 
index 

ooGOOooooooooooooooooaeoooooooei 

1 OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOll 
Z 00000000000000000000000000000111 

3 OOOOOOOOOOOOOOOOOOOOOOOOOOOOllU 

4 OOOOOOOOOOOOOOOOOOOOOOOOOOOlllll 

5 00000000000000000000000000111111 

6 oooooooooooooooooooooooooiiiiiir 

7 OOOOOOOOOOOOOOOOOOOOOOOOllllllll 

10 OOOOOOOOOOOOOOOOOOOOOOOllllUlll 

11 oooooooooooooooooooooo 1 1 11 11 mi 

12 OOOOOOOOOOOOOOOOOOOOOllUlllllll 

13 OOOOOOOOOOOOOOOOOOOOllllllllUll 

14 00000000000000000001111111111111 

15 OOOQOOOOOOOOOOOOOOllllllllllllll 

16 OOOOOOOOOOOOOOOOOllMlllllllllll 

17 OOOOOOOOOOOOOOOOllllllllllllllll 

20 000000000000000-11111111111111111 

21 OOOOOOOOOOOOOOlllllllllllllUlll 

22 OOOOOOOOOOOOOlllllllllllllllllU 

23 OOOOOOOOOOOOllllllllllllllllllll 
. 24 OOOOOOOOOOOlllllllllllllllllllU 

25 OOOOOOOOOOllllllllllllllllllllU 

26 00000000011111111111111111111111 

27 00000000111111111111111111111111 

30 00000001111111111111111111111111 

31 00000011111111111111111111111111 

32 OOOOOlllllllllllllllllllllllllU 

33 00001111111111111111111111111111 

34 00011111111111111111111111111111 

35 OOlllllllllllllllllllllllllillll 

36 eiiiiiiiiiiiiiiiiiiiiuiniiiiii 

37 llUlllUlllllllllllllllllllllll 



RIGHT MASK MEMORY cofittnts 

lllllllllllllllllllllllUUlUll 
lllllllllllllUllllllllllUUllO 

iiiiiiiiiiiiiimiiiiuiiiiiiioo 

11111111111111111111111111111000 
11111111111111111111111111110000 
11111111111111111111111111100000 
11111111111111111111111111000000 
11111111111111111111111110000000 
lllllllllllllllUlllUllOOOOOOOO 
11111111111111111111111000000000 
11111111111111111111110000000000 
11111111111111111111100000000000 
.11111111111111111111000000000000 

iiiiiiiimiiiiiuiooooooooooooo 

llllllllllllllllllOOOOOOOOtOOOOO 

iiiiiiiiiiiiiiiiiooooooooboooooo 

llllllllllUllllOOOOOOOOOOOOOOOO 
11111111111111100000000000000000 
llllllllllllllOOOOOOOOOOOOOOOOOO 
lllllllllllllOOOOOOOOOOOOOOOOOOO 
llllllllllllOOOOOOOO 000000000000 

iimiiiiiiooooooooooooooooooooo 

llllllllllOOOOOOOOOOOOOOOOOOOOOO 
lllllllllOOOOOOOOOOOOOOOOOOOOOOO 
11111111000000000000000000000000 
lllllllOOOOOOOOOOOOOOOOOJOOOOOOOO 
llllllOOOOOOOOOOOOOOOOOOOOOOOOOO 

iiiiiooeoooooooooooooooooooooooo 

llllOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

iiioooooooooooooooooooooooooooto 

llOOOOOOOOOOOOOOOOOOOOOOOOOOOiiO 

loooooooooooooooooooooeooofooooo 



After the two masks are selected, they are AND'ed together to get the fiiiil 
misk. Thb iiiask is aU 2:eros. except for a fteld of contiguous cmes defiiiii^ 
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As an example, if MR=1, rotation count«5, und length minus 1=7. then the right 
mask index h 5 and the left mask index is 14 (octal). This results in a final mask as 
follows: 

Right Dtask S 11111111111111111111111111100080 

Left nask 14 OOOOOOOOOOObOOOOOOOUlllUUllll 

AND then together —.—.——.—.—...•.— .•^^•. 

Final mask 00000000000000000001111111100000 

The byte is 8 bits wide. 5 positions from the right. 

Programming hint: if the byte is *'too large" (i.e. its position and size specifications cause 
it to hang over the left-hand edge of a word), then the masker does not truncate the byte 
at the left-hand edge. Instead, it produces a zero mask, selecting no byte at all; thus, the 
output of the byte operation equals the A source. The reason for this is that an overflow 
occurs in calculating the index into the left mask memory, and so the final mask is zero. 
For example, if MR=l, rotation count=20 (octal), and length minus 1=27 (octal), then the 
right mask index is 20 and the left mask index is 477 (mod 32). This results in a final 
mask as follows: 

Right mask 20 1 HI UllU 1111110000000000000000 

Left mask 7 00000000000000000000000011111111 

AND them together •*——*•*.—.—••.••,•••..••.— 

Final mask OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
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Control 

The control section of the processor consists of a 14-bit program counter (the 
PC), a 32-location PC stack (SPC) and stack pointer (SPCPTR), and a 2K dispatch 
memory, used during the DISPATCH instruction. Unlike some microproce»ors, and like 
most traditional machines, the normal mode of operation is to execute the next sequential 
instruction by incrementing the PC. 

The processor uses single instruction look ahead, i.e. the lookup of the next 
instruction is overlapped with execution of the current one. This implies that after 
branching instructions the processor normally executes the following instruction, even if 
the branch was successful. Provision is made in these instructions to inhibit this execution 
(with the N bit), but the cycle it would have used will then be wasted. 



(12 Is a braiich instruction to the location of 18) 



TIHE «ss> 



i I I I I 1 

I fetch n i fetch 12 | fetch 13 | fetch 18 ( fetch 19 | 

I execute 10 | execute U ( execute 12 | execute 13 | execute 18 \ 

I I i I II 

I I I I 

Fetch of branch—-* | | | 

I I I 

Execution of branch— • | | 

i I 

Execution (optionally inhibited) | | 

of following instruction — ..— • | 

I 
Execution of instruction branched to ..••••••••.•••.•..• 



Two types of instruction affect flow of control in the machine. The conditional 
JUMP specifies a new PC and transfer type in the instruction itself, while the DISPATCH 
instruction looks up the new PC and transfer type in the 2K dispatch memory. In either 
case, the new PC is loaded into the PC register, and the operation specified by the 3-bit 
transfer type is performed. These operations are: 

N bit If on, inhibits execution of the next instruction, i.e. the instntctton at the 

address one greater than that of the transfer instruction. (This instntction 
needn*t actuaUy be at the address one greater, if a transfer oi control was 
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already in progress.) The cycle that would htw executed that instmcticm is 
wasted. 

The P and R bits are decoded as follows: 

p=0 R=0 BRANCH Normal program transfer. 

P=l R=o CALL Save the correct return address on the SPC stack, and jump to 

the new PC address. 
P=0 R-1 RETURN Ignore new PC; instead pop PC off the SPC stack. 

P=l R=l FALL THROUGH In a DISPATCH instruction, do not dispatch. 

I-MEM WRITE In a JUMP instruction; write into the instruction memory. 

and do not jump. 

The BRANCH transfer type is the normal program transfer, without saving a 
return address. 

The CALL transfer type pushes the appropriate return address onto the SPC 
stack. This stack is 32 locations long. It is the responsibility of the programmer to avoid 
overflows. The return address is PC-k2. or PC+1 if the N bit is also on. Actually, if the 
N bit is on the address of the instruction NOFed is saved, which may not be identical to 
PC+1 if a transfer of control is already in progress. If the N bit is not on, 1 4- the address 
of that instruction is saved. In the case of a dispatch, if the N bit is on and bit 25 of the 
instruction is on, save PC, the address of the dispatch instruction itself; this allows the 
dispatch to be re-executed upon return. (Actually, due to pipelining, when the above 
paragraph says PC it doesn't really mean PC.) 

The RETURN transfer type pops a return PC from the SPC stack, ignoring the 
PC specified in the instruction or dispatch table. 

The FALL THROUGH transfer type for dispatches allows some entries in a 
dispatch table to specify that the dispatch should not occur after all. The following 
instruction is executed (unless inhibited), followed by the one after that (unless the first 
following one branches and inhibits it!). 

The I-MEM WRITE transfer type is the mechanism for writing instructions into 
the microprogram instruction memory, and is described in a later section. (The dispatch 
memory, unlike the instruction memory, is not written into by setting the P and R bits 
(after all, in a dispatch instruction these bits come from the dispatch menK)ryI); instead* 
the Miscellaneous Function field is used.) 

An additional bit in every instruction, including ALU and BYTE instructions, 
called the POPJ bit. allows specif ication of simultaneous execution of a RETURN transfer 
type along with execution of any instruction. That is, it does the same thing as if this 
instruction, in addition to whatever else it does, had executed a RETURN transfer type 
jump without the N bit on. It is the responsibility of the programmer to avoid conflicts 
in the use of this bit simultaneously with other types of transfers. 

The POPJ bit should be use4 in a JUMP instruction only in conjunction with 
the RETURN transfer type. This will cause a RETURN operation in either case, but 
execution of the following instruction is conditional, controlled by the N bit and the 
conditional JUMP instruction. The POPJ bit, when used in a DISPATCH insitraction, fa 
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specially over-ruled by the JUMP and CALL transfer types. This allows you to RETURN 
normally, but jump off to other code in exceptional cases, using the same dispatch table as 
other dispatch instructions which do not want to return. The POPJ bit should not be 
used in conjunction with writing of dispatch or instruction memory* nor with the SPC pc^ 
and push functional source and destination. The machine doe$n*t bother to do anything 
reasonable in these cases. 
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The DISPATCH Instroction 



The dispatch instniction allows selection of any source available on the M bus 
[see description of M bus sources in the Data Path section], and the dispatch on any sub- 
field of up to 7 bite from the selected word. The selected subfield is ORed with the 
"^dispatch address** field of the instruction to produce an 11 bit address. Thb address is 
used to look up a 14 bit PC and 3 bit transfer type in the dispatch memory. The SPC* 
pointer*and-data-ppp source will not operate reasonably in conjunction with the dispatch 
instruction. 



IR<44-43> s 2 (DISPATCH operation) 

IR<41-3Z> s Dispatch constant (also A source when writing D*HEH) 

IR<3i-26> s n source 

IR<25> s Alter return address pushed on SPC by the CALL transfer 
type, if the N bit is set, to be the address of this 
instruction rather than the next instruction. 

IR<24> s Enable instruction-stream hardware (described later). 

IR<23> s Unused 

IR<22-12> s Address in dispatch neaory 

IR<9-8> « Control dispatching off the Biap» see below. 

IR<7-5> « Length of byte (not oinus 1!) froa H source to dispatch on 

IR<4-0> s Rotation count (to the left) of H source 



The dispatch operation takes the specified M source word and rotates it to the 
left as specified by the rotation count. All but the low K bits are masked out» where K is 
the contents of the length field. The result is OR*ed with the dispatch address, and this is 
used to address the 2K dispatch memory, which supplies the new PC and the R. P. and N 
bits. 

If bits 8 and 9 of IR are not zero, the bottom bit of the dispatch address conies 
from the virtual memory map rather than the rotator and masker. The address inputs to 
the map in this case come from MD. This is primarily useful for testing pointers just 
fetched from main memory for validity with respect to the garbage collector's 
conventions. IR<8> selects bit 14 of the second level map, and IR<9> selects bit 15. 
Selecting both bits ORs them together. 

The dispatch constant field is loaded into the DISPATCH CONSTANT register 
on every dispatch instruction. This register is accessible as an M source. The dispatch 
constant field has nothing whatsoever to do with the operation of dispatching; it h merely 
a convenient device for loading a completely random register while doing sonmthing else. 
(Uses for this feature are discussed in a later section.) 

Miscellaneous function 2 inhibits the normal action of the instruction and 
instead loads the dispatch memory with the low order contents of the A memory 
scratchpad location specified in the A source. Note that the A source address is the same 
field as the dispatch constant field. The dispatch constant is loaded anyway, but this am 
be ignored. The parity bit (bit 17) is also loaded, and it is the responsibility of the 



16 The CADR MicroprocessOT 



programmer to load correct (odd) parity into the memory. Normal addressiiig of the 
dispatch memory h in effect so it is advisable to have the length field contain so that 
the dispatch memory location to modify is uniquely specified by the dispatch address in 
the instruction. 
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The JUMP Instmction 



The JUMP instnictton allows conditional branching based on any bit of any M 
source or on a variety of internai processor conditions, including ALU output. (While 
DISPATCH coukl also be used to test single M source bits, the use of JUMP saves 
dispatch nK^mory.) The JUMP operation is also used, by means of a trick, to write into 
the instruction memory. 



IR<44-43> s 1 (JUHP operation) 
IR<41-3Z> * A source 
IR<31-26> s n source 
IR<25-12> s New PC 

IR<9> s R bit (I means pop new PC off SPC stack) 

IR<8> 5 P bit (1 means push return PC onto SPC stack) 

IR<7> s N bit (1 means inhibit next instruction if Jub|i successful) 

IR<6> s If 1, Invert sense of jump condition 

IR<5> » If 0, test bit of H source; if 1, test internal condition 

IR<4*0> s If IR<5>=0, rotation count for B source. 
If IR<5>sl, condition number: 

Low bit of shifter output (illegal) 

1 n source < A source 

2 Fl source s A source 

3 H source = A source 

4 Page fault 

5 Page fault or interrupt pending 

6 Page fault or interrupt pending or sequence break flag 

7 Unconditionally true 



Page faults, interrupts, and sequence breaks are documented in later sections. 

The jump condition is determined as follows. If IR<5>=50. then the M source is 
rotated left by the rotation count; the low-order bit of the result is then tested. Thus, to 
test the sign bit, a rotation count of 1 should be used. The jump condition is true if the 
low-order bit is 1. If IR<5>=i; then the specified internal condition is tested. In either 
case, the sense of the jump condition is inverted if IR<6>=1. jIn particular, this allows 
testing of all six arithmetic relations between the M and A sources. 

If the final jump condition, possibly after inversion, is true, then the new PC 
field and the R. P. and N bits are used to determine the new contents of the PC. If the 
condition is not true, execution continues with the next instruction, modulo the POPJ bit 

If both the R and P bits are set (WRITE), then A and M sources are 
(conditionally!) written into the instruction memory. Bits <47-32> are taken from A 
source bits <15-0>; bits <31-0> are taken from M source Ol-O. Notice that this is not 
the same alignment of bits as is used for the "next instruction modify** functional 
destinations (16 and 17). The reason for the odd location of WRITE in the instructioii 
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set is due to the way in which it operates. It causes the same operations as the GALL 
transfer type, resulting in the the old PC plu^ I or 2 being saved on the SPC stack and the 
PC register being loaded with the addre» to be modified. Then, when the instruction 
memory would normally be fetching the instruction to be executed from that location, t 
write pulse is generated, causing the saved data from the A and M sources to be written 
into the instruction memory. Meanwhile, the machine simulates a RETURN transfer 
instruction, causing the SPC stack to be popped back into the PC and instruction 
execution to proceed from where it left off. Note that thk instruction requires use of i 
word on the SPC stack and requires an extra cycle. It is highly recommended that the N 
bit also be on in the JUMP instruction, since the processor will be executing a RETURN 
transfer type unconditionally during what should be the execution of the instruction 
following the write. If, however, this does not conflict with other things that this 
following instruction specifies, then the fQllowing instruction may be executed. Care is 
required. 
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Program Modlficttioii 

A novel technique is used for variabiiizing fields in the program instruction. 
Two of the "functional destinations'' of the output bus are (conceptual) registers 
(sometimes collectively referred to as the OA register), whose (intents get OR*ed with the 
next instruction executed. Combined with the shifter/masker ability to move any 
contiguous set of bits into an arbitrary field, this feature provides, for example, variable 
rotation counts and the ability to use program determined addresses of registers; for 
example, it can be used to index into the A scratchpad memory. 

Functional destination 16 (OA-REG-LOW). when written into, effectively OR's 
bits <25-0> into bits <25-CK> of the next instruction; functional destination 17 (OA-REG- 
HIGH) effectively OR's bits <21-0> into bits <47^26> of the next instruction. The place 
between bits <26> and <25> is a natural dividing line for all classes of instructions. Note 
that only one half of a particular instruction can be modified, since it is impossible to 
write into both functional destinations simultaneously. 

When this feature is used, parity checking is disabled for the word fetched from 
the instruction memory, since the OA "register" is OR'ed into the output of the memory 
before parity is checked. 

This feature is particularly useful for supplying the address of a location of 
instruction memory or dispatch memory to be written into, for specifying variable 
addresses in the A and M memories, and for operations on bytes of variable length or 
position. Example of these are detailed in a later section. 
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Clocks 

The CADR processor uses only one clock signal. This clock loads output data 
into the designated registers, and a new PC and instruction are also loaded. The only 
events which do not take place synchronous with the clock are the control signals for the 
A, M, and PDL scratchpads and the SPC stack. For these devices, a two stage cycle is 
performed. During the first phase, the source addresses of the respective devices are gated 
into the address inputs. After the output data has settled, the outputs of these devices are 
latched. Then, the address is changed to that specified as the write location from the 
previous instruction. After the address has settled, a write pulse is generated for the 
scratchpad memory to perform the write. Pass-around paths are provided (invisibly to the 
programmer) for the A and M memories, which notice and correct read references to a 
location which was written into on the previous cycle but has not yet actually been 
written into the scratchpad. No such pass-around path is provided for the PDL memory, 
because on any cycle in which the PDL memory is written into, the M scratchpad must 
also be written into, and so the next instruction can refer to that M scratchpad location, 
thereby using the M pass-around path. The SPC stack has a pass-around path when used 
by the RETURN transfer type, but does not have a pass*around path when used as an M 
source. The RETURN pass-around path makes it possible to have a subroutine only two 
instructions long. It would take extra hardware to provide the missing pass-around paths, 
and examination of actual microprograms showed that they would be very rarely used. 

The clock cycle is of variable length. The duration of the first half of the cycle 
(the 'Vead phase'*) is controlled by both the ILONG bit of the instruction (IR<45>) and 
by two "speed" bits from the diagnostic interface. The duration of the second half (the 
"write phase") is normally fixed. This clock serves as both theprocessor clock and a clock 
for the bus interface, memory, and external devices. 

The clock can be stopped at the end of either phase, for several reasons. Usually 
the clock stops at the end of the read phase, referred to as "wait". This leaves the clock 
in the inactive high state, and leaves the latches on the memories open. The clock can 
wait because the machine was commanded to halt by the diagnostic interface, because a 
single-step commanded by the diagnwtic interface has completed, because of an error 
such as a parity error, because of the statistics counter overflowing, or because of a 
memory-wait condition. Thiis latter condition happens if a main memory cycle is initiated 
while a previous cycle is still in progress, or if the program calls for the result of a main 
memory read before the bus controller has granted the bus access needed to perform that 
read cycle. During a clock wait, the processor clock stops, but the clock to the rest of the 
system (the bus interface and XBUS devices), continues to run, allowing them to operate- 
When the processor finishes waiting the processor clock starts up in synchrony with the 
external clock. 

The clock can also stop at the end of the write phase, referred to as "hang". 
This is used only during memory reads. If the processor calls for the result of a read 
which is in progress but has not yet conjpleted, it hangs until the data has arrived from 
memory and sufficient time has passed for the data to flow through the data paths and . 
appear on the output bus. This is also sufficient time for the parity of the data to be 
checked. In the case of a hang, both clocks stop, which allows th? m to restart 
synchronously without any extra delay. In this way, the speed of the processor is adjusted 
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to exactly match the speed of the memory. 
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AccessiiiK Meniory 



Access to main memory is accomplished through use of several functtontl 
sources and destinations. These perform three functions; first, they allow access to two 
registers. VMA (virtual memory address) aiu! MD (memory data). Secondly, they can 
initiate memory operations. Thirdly, they can wait for a memory operation to be 
. completed. Actually, this facility is not just for accessing main memory; it is used to 
acc^s.any device on the Xbus or the Unibus. which includes not only memory but 
peripheral equipment. For simplicity the term "memory** will be used, however^ 

There are eight functional destinations associated with the memory system. 
Four of these load data into the VMA. the other four load data into the MD. Each group 
of four consists of one with no other side effects, one which starts a read cycle, one 
which starts a write cycle, and one which writes into the virtual address map. 

In a memory read operation, data from memory is placed in the MD register 
when it arrives, and can then be picked up by the program (using a functional source). In 
a memory write operation, the program places the data to be written into the MD register 
(by using a functional destination), whence it is passed to the memory. 

The VMA register contains the virtual address of the location to be referen€»l. 
This is 24 bits long; the high 8 bits of the register exist but are ignored by the hardware. 
The VMA contains a "virtuar' address; before being sent to the memory it is passed 
through the "map", which produces a 22 bit physical address, controls whether permission 
for the read or write operation requested is allowed, and remembers 8 bits which the 
software (microcode) can use for its own purposes. 

Except when starting a memory cycle, the address to be mapped comes from bits 
<23-0> of the MD register, rather than the VMA register. The reason for this is to 
simplify the use of the map for checking what "space" a pointer being read from or 
written into memory points at, a frequently-needed operation in the Lisp machine 
garbage-collection algorithm. 

The map consists of two scratchpad memories. The First Level Map contains 
2048 5-bit locations, and is addressed by bits <23-13> of the VMA or MD. The Second 
Level map contains 1024 24.bit locations, and is addressed by the concatenation of the 
output from the First Level Map and bits <12-8> of the VMA or MD. The virtual address 
space consists of 2048 blocks, each containing 32 pages. Each page contains 256 words 
(of 32 bits, of course). Each block of virtual address, space has a corresponding location in 
the First Level Map. Locations in the Second Level Map are not permanently allocated 
to particular addresses; instead, the First Level Map location for a block of virtual 
addresses indicates where in the Second Level Map those addresses are currently described. 
The Second Level Map contains sufficient space to describe 32 blocks, so at any given 
time most blocks must be described as "no information available." This done by reserving 
the last 32 locations in the Second Level Map for this purpose and filling them with -no 
information available" page descriptors; most First Level Map locations will point here. 
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The output of the Second Level Map consists of: 

HAP<23> s access permission 

FtAP<22> = write permission 

fiAP<21-14> = available to software. Mote that bits 15 and 14 can 

be tested by the DISPATCJr instruction. 
HAP<13-0> s physical page nuB^er 

The physical address sent to memory is the concatenation of the physical page number 
and bits 7^ of the VMA. 

The two maps can be read by putting an appropriate address in the MD, and 
reading the functional source MEMORY-MAP-DATA (1 1 ): 

KAP<31> a 1 if the most recent memory cycle was not performed because It 
was an attempt to write without write permissioUp i.e. a 1 in 
bit 22 of the second level map. 

HAP<30> s 1 if the most recent memory cycle was not performed because there 

was no access permission^ i.e. a i in bit 23 of the second level aiap. 
nAP<30> is if no access fault exists » although a write fault may 
exist. Note that bits <31-30> apply to the last attempted memory 
cycle, and have nothing to do with the map locations addressed by 
the contents of HD. 

HAP<29> s always. 

«AP<28-24> s First LevelHap 

«AP<23-0> 5 Second Level Nap 

The maps can be written by using one of the functional destinations VMA- 
WRITE-MAP (23). MEMORY-DATA-WRITE-MAP (33). The MD supplies the address 
of the map location to be written, and the VMA supplies the data to be written, and tells 
which level of the map is being written. One register must be set up in a previous 
instruction, the other is written via the functional destination, and the actual writing into 
the map happens on the following cycle. There is no pass-around path and no latch for 
the map, so the following instruction must not use it. 

The first level map is written from bits <31-27> of the VMA, if VMA<26> is a 
1. (These are not the same bits as it reads into when using the MEMORY-MAP-DATA 
functional source.) The second level map is written from VMA<23-0>. if VMA<25> is a 
I. Note that when writing the second level map the first level map supplies part of the 
address, and must have been written previously. Therefore it is not useful to write both at 
the same time, although it is possible to set both bits to 1. 

Main memory operations are initiated by using one of the functional destinatioiis 
VMA^TART-READ (21), VMA-STARTWRITE (22), and MEMORY-DATA-START- 
WRITE (32). There is also MEMORYDATA-STARTREAD (31). but it is probably 
useless. In the case of a write, the VMA supplies the address tnd the MD supplies the 
data, so one register must be set up in advance and the other is set up by ttit functimoA 
destination that starts the operation. A mafn memory read can tiso be started by the 
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macro instruction-stream hardware, described later. 

The register named (VMA or MD) is loaded with the result of the instruction 
(from the Output Bus) at the end of the cycle during which that instruction is executed. 
During the following cycle, the map is read. The instruction executed during this cycle 
should be a JUMP instruction which checks for a page fault condition. At the end of this 
cycle, if no page fault occurs, the memory operation begins. The processor continues 
executing while the memory operation happens, but if any operation which conflicts with 
the memory being busy is attempted, the machine waits or hangs until the memory 
operation has been completed. Such references include asking for the results of a read 
cycle by using the MEMORY-DATA (1 2) functional source, using any functional 
destination that refers to the VMA, MD. or MAP, or attempting to start a read cycle via 
the instruction-stream hardware. 

The presence or absence of a page fault is remembered until the next time a 
memory cycle is started, so it is not strictly necessary to check for page fault immediately 
after starting a Cycle, but is good practice. 

The MEMORY-DATA-START-WRITE destination is useful for doing the 
second half of a read -foUowed-by-write operation, since the correct value is still in the 
VMA. Note that it is still necessary to check for a page fault after starting the write, 
since you may have read permission but not write permission. 

There is a feature by which main memory parity errors can be trapped to the 
microcode. A bit in the diagnostic interface controls whether or not this is enabled. 
When the MEMORY-DATA functional source is used, and the last thing to be loaded 
into the MD was data from memory which had even parity, a main memory parity error 
has occurred. If trapping is enabled, the current instruction is NOPed and a CALL 
transfer to location is forced. The following instruction is also NOPed. The trap 
routine .must use the OPC registers to determine just where to return to if it plans to 
return, since if a transfer operation was in progress the address pushed on the SPC stack 
by the trap may have nothing to do with the address of the instruction which caused the 
trap. This is also true of the error-handler for micrpcode-detected programming errors. If 
a main memory parity error occurs, and trapping is not enabled, the machine halts if 
error-halting is enabled, just as it does in response to a parity error in an internal memory. 

When using semiconductor main memory, which has single-bit error correction, a 
parity error trap indicates that an uncorrectable multiple-bit error occurred. Single-bit 
errors are corrected automatically by fhe hardware, and cause an interrupt so that the 
processor may. at its leisure, log the error and attempt to rewrite the contents of the bad 
location. 
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The Instroctlon-StreaiB Fcatorc 



The CADR processor contains a small amount of hardware to aid in the 
interpretation of an instruction stream which comes in units smaller than the CADR word 
size. For example, the Lisp-machine macrocompiled instruction set uses 16-bit units. The 
hardware speeds up both fetching and decoding of instructions by relieving the microcode 
of some routine bookkeeping. 

Both 8-bit (byte) and 16-bit (half word) instructions are supportoi, depending on 
a mode bit (bit 29 of the "Interrupt Control" register, functional destination 2.) The 
hardware decides when it is time to fetch a new main-memory word, containing the next 
2 or 4 units of the instruction stream, and alters the flow of microprogram control. The 
hardware provides a feature by which the rotator control can be made to select the 
current unit of the instruction stream; this is used when dispatching on the instruction 
being interpreted, and when extracting fields of the instruction via the BYTE 
microinstruction. 

There is a 26-bit register called the Location Counter (LC), which can be reiaid 
by functional source 13 and written by functional destination 1. It always contains the 
address of the next instruction stream unit, in terms of 8-bit bytes. In halfword mode 
LC<0> is forced to zero. The LC is capable of counting by 1 or 2 (depending on byte vs. 
halfword mode) and has a special connection to the VMA; the VMA is loaded from the 
LC, divided by 4. when an instruction-fetch occurs. 

The high 6 bits of functional source 1 3 are not part of the LC per se, but 
contain various associated status, as follows: 

31 Need Fetch. This is I if the next time the instruction stream is advanced, a 
new word will be fetched from main memory. This is a function of the low 
2 bits of LC, of byte mode, and of whether the LC has been written into 
since an instruction word was last fetched from main memory. 
30 not used, zero. 
29 LC Byte Mode. 1 if the instruction stream is ip 8-bit units. if it is in 16-bit 

units. This reflects bit 29 of the Interrupt Control register. 
28 Bus Reset. This reflects bit 28 of the Interrupt Control register, which is set 

to 1 to reset the bus interface, the Unibus, and the Xbus. 
27 Interrupt Enable. 1 if external interrupt requests are allowed to contribute 
to the JUMP condition. This reflects bit 27 of the Interrupt C:ontrol 
register. 
26 Sequence Break. 1 if a sequence break (macrocode interrupt signal) is 
pending. This flag does nothing except contribute to the JUMP condition. 
This reflects bit 26 of the Interrupt Control register. 

Bit 14 of the SPC stack is used to flag the return address containing it as the 
address of the main instruction-interpretation loop. The hardware recc^izes a RETURN 
transfer with SPC<14>=1 as completing the interpretation of one instruction and 
initiating the interpretation of the next. TTie instruction stream will be advanced to its 
next unit (byte or halfword) in the cycle following the RETURN transfer. (It is delayed 
one cycle for obscure timing reasons.) This cycle is free to also execute a useful 
micrdnstniction, provided it does not use the LC, VMA, MD. and associated hardware. 
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Advancing the instruction str«m increments the LC, by 1 or 2. If a new word 
needs to be fetched from main memory, the unincremented LC. divided Iq^ 4, is 
transferred to the VMA and a read cycle is started. A fetch can be required either 
because the LC points at the first unit of a word or because the LC has been modified 
since the last instruction stream advance (a branch occurred). It is legal for the 
instruction which does the RETURN transfer to modify the LC. and a fetch will always 
be required. If no fetch is required, the RETURN transfer is altered by forcing SPC<I> 
to 1, skipping over two microinstructions which, in the fetch case, check for a page fault 
(or interrupt or sequence break) and transfer the new instruction stream word from MD 
into a scratchpad location. 

The instruction stream can also be advanced by a DISPATCH instruction with 
bit 24 set. In this case, no alteration of the SPC return address occurs. The dispatch 
should check the NEEDFETCH signal, which is available as bit 31 of the LC functional 
source, to determine whether a new word is going to be fetched. If a fetch occurs, the 
DISPATCH should call a subroutine to check for page fault and transfer the new 
instruction stream word from MD to a scratchpad location. If nofetch occurs, the 
DISPATCH should drop through. The instruction after the DISPATCH may then 
operate on the next unit of the instruction stream. This feature is provided to facilitate 
the use of multi-unit instructions. 

The remaining hardware associated with the instruction stream feature 
implements miscellaneous function 3, which alters the M-rotate field to select the current 
unit of the instruction stream from the current word, which should be supplied as the M- 
source. This applies to any operation which uses the rotator: BYTE instrttctions. 
DISPATCH instructions, and JUMP instructions which test a bit. The instruction should 
be coded for the unit (byte or half word) at the right-hand end of the word. In half-word 
mode. IR<4> is XOR'ed with LCO > to produce the high-order bit of the rotate count. 
In byte mode. IR<4> is XOR'ed with (LC<1> XOR LC<0>). and IR<3> is XOR*ed with 
LC<0>. The effect, since the LC always has the address of the next instruction, and the 
bits are numbered from right to left, is as desired. In halfword mode, the low half of the 
M source is accessed for the even instruction, when LC<I>=^1. and the high half is 
accessed for the odd instruction, whenLC<l>=0. 
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Multiplication, Dirision, and tlie Q register 

The register is provided in CADR primarily for multipiication and division. It 
is occasionally useful for other things because it is an extra place to put the results of an 
ALU instruction, and because it can be used to collect the bits which are shifted out 
when the OUTPUTSELECTOR-RIGHTSHIFTl operation is used in an ALU 
instruction. 

The register is .controlled by two bits (IR<l-0>) in the ALU instruction. The 
operations are do nothing, shift it left; shift it right; and load it from the output of the 
ALU. (It loads from the ALU rather than the Output Bus for electrical reasons.) When 
the register shifts left, Q<0> receives -ALU<31>, the complement of the sign of the 
ALU output. When the Q register shifts right, 0<31> receives ALU<0>, the low bit of 
the ALU output. The Q register is also connected to the Output Bus shifter; when the 
Output Bus is shifted left, OB<0> receives Q<n>, the sign of the Q. These 
interconnections are dictated by the needs of multiplication and divisioa. 

Multiplication in CADR is a simple, 1 bit at a time, shift-and-add affair. The 
hardware provides a conditional- ALU operation, MULTIPLY-STEP, which i$ ADD if 
0<0>=1, and SETM otherwise. This is used in combination with SHIFT-Q-RIOHT and 
OUTPUT-SELECTORRIGHTSHIFTl. Initially the multiplicand is placed in an A- 
scratchpad location and the multiplier is placed in Q. 32 MULTIPLY-STEP operations 
are executed; as Q shifts to the right each of the bits of the multiplier appear in Q<^. If 
the bit is 1, the multiplicand gets added in. The results of each operation go into an M- 
scratchpad location, which is fed back- into the next step. The low bit of each result is 
shifted into Q. Thus, when the 32 steps have been completed, the Q contains the low 32 
bits of the product, and the M-scratchpad location contains the high 32 bits. 

This algorithm needs a slight modification to deal with 2's complement numbers. 
The sign bit of a 2's complement number has negative weight, so in the last step if 
Q<0>=1. i.e. the multiplier is negative, a subtraction should be done instead of an 
addition. The hardware does not provide this, so instead we do a subtraction after the last 
step, which is adding and then subtracting twice as much, which has the.effcct of 
subtracting. Note that this correction only affects the high 32 bits of the product and 
can be omitted if we are only looking for a single-precision result. Consider the following 
code. (The CONSLP assembler format used is explained later in this document.) 



; Holtlply Subroutint, A-WYR tlmts Q-R, Tow product to Q-R. titffh to «•!«. 



MPY ((W-AC) WIITIHY-STEP H-ZERO A-W>YR) 

(tCPEAT 30. ((H-AC) MUITIPLY-STEP H-AC A-HPYR)) 
(POPJ-lf-IIT-ClEAR-XCT-IIEXT 

(aYTE-riElO 1 6) 0-it) 
((H-AC) HOLTirLY-STEP H-AC A-KPYt) 
(POPJ-AFTER-REXT 
(H-AC) $m H-AC A-MPYR) 



;Part1t1 rtsult « • in f1r#t stop 
;Do 30 stops 

;Roturn oftor noxt If A*HPYR posltivo 

;Tho fffiol stop 

;Corfoctioii for nofotivo MiUlplitf 
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To multiply numbers of less than 32 bits is also possible. With the same inittal 
conditions, after n steps the high n bits of the Q contain the low n bits of the product, 
and the remaining bits of the product are in the low bits of the M-scratchpad location. 
Two BYTE instructions can be used to extract and combine these bits to produce a right- 
adjusted product, if the numbers are unsigned. 

Division is a little more complex than multiplication. It too goes a bit at a time, 
using a non-restoring algorithm which either adds or subtracts at each stage. The basic 
idea is to keep subtracting the divisor from the dividend, shifted over by different 
amounts, as in long-division by hand. If the subtraction produces a positive result, it ''goes 
in^' and a quotient bit of 1 is produced. If the subtraction produces a negative result, it . 
••fails to go in'' and a quotient bit of is produced. Instead of backing up and not doing 
the subtraction, we set a flag that too much has been subtracted, and add instead the next 
time. This works since the weight of the divisor on the next step is half as much, and B- 
(A/2) = B-A4'(A/2). The ••flag*' is simply the complement of the quotient bit produced, 
except for the first step when the flag must be forced to OFF. 

Division does not handle 2's complement numbers as easily 9s multiplication 
does. The algorithm essentially requires all positive numbers, however the hardware 
automatically takes the absolute value of the divisor by interchanging addition and 
subtraction if the divisor is negative. It is up to the microcode to make the dividend 
positive beforehand, and to determine the correct signs for the quotient and remainder 
afterward. The sign of the quotient should be the XOR of the signs of dividend and 
divisor. The sign of the remainder should be the same as the sign of the dividend. 

Initially the positive dividend is in the Q register and the signed divisor is in an 
A-scratchpad location. Appropriate conditional-ALU operations are used in conjunction 
with the SHIFT-O-LEFT and OUTPUT-SELECTOR-LEFTSHIFT-l functions. An M- 
scratchpad location receives the result of each step, and is fed back to the next step. This 
location initially contains the high 32 bits of the double-length dividend, or ii the 
dividend is single-precision. At each step, the OUTPUT-SELECTOR-LEFTSHIFT-l 
operation brings the high bit of the into the low bit of the M-scratchpad, bringing up 
another bit of the dividend. At each step, the complement of the sign of the ALU output 
represents a bit of the quotient and is shifted into the low end of Q. After 33 steps, 
contains the positive quotient (which is why it is called the Q f or-quotient register). The 
reason why it takes 33 steps rather than 32 is a little difficult to explain. The quotient bit 
produced by the first step, if 1, indicates •'divide overf^ow^ and is not really part of the 
quotient. When using a single-precision dividend, •'divide overflow'' can only happen if 
the divisor is zero, since the initial operation is zero minus the absolute value of the 
divisor, which is negative unless the divisor is zero. 

What is left of the dividend after all the subtractions is the positive remainder. 
The last step does not use OUTPUT-SELECTOR-LEFTSHIFT-l. so that the M- 
scratchpad will receive the remainder rather than the remainder times Z If the ••too 
much has been subtracted" flag is set. it is nece^ry to do one final addition to correct 
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the remainder. This addition simply undoes the previous subtraction, not also doing a 
new subtraction, because of the omission of the left shift. 
The ALU operations for division are: 
DIVIDESTEP The conditional add or subtract described above. SHIFT-Q- 

LEFT, and 0UTPUTSELECT0RLEFTSHIFT4. 0<0>=0 serves as 
the "too much has been subtracted" flag. 
DIVIDE-FIRSTSTEP Identical to DIVIDE-STEP except that the "too much 

has been subtracted" flag is forced to be off. 
DIVIDE-LASTSTEP Identical to DIVIDE-STEP except that the OUTPUT- 

SELECTOR-LEFTSHIFT-l is omitted. 
DIVIDE-REMAINDER-CORRECTION-STEP The conditional add or subtract 
logic is used, except subtract is turned into SETM by invoking part of 
the multiply logic. The exchanging of add and subtract if the divisor is 
negative then applies, doing the right thing. No shifting occurs and Q 
is unchanged. 
Division of numbers smaller than 32 bits can be accomplished in less than 33 
steps by sufficiently careful shifting of the inputs and outputs. 

To illustrate how it all fits together, and show how to do the sign-correction, 
here is the code for 32-bit division, with a double-precision dividend, in the CONSLP 
format explained later in this document: 



; Division Subroutine. 

: M-AC tncf H-1 mrt the high and Tow irords of the dividend, respectively. 

: W-2 is the divisor. The quotient is in H-AC, the remeinder in H-1. 

OIV (JUHP-GREATER-OR-EOUAl M-AC A-ZERO OIVl) ;Check for negitive dividend 

(JUHP-MOT-EOUAl-XCT-NEXT M-l A-IERO OIVO) ;If SO, chenge sign 

((M-l O-R) SUB M-ZERO A-1) 

((H-AC) SUB H-AC (A-CONSTANT 1)) ;Borro« from high if 1o« is 2tre 

DIVO ((H-AC) SE TCH H-AC) iV9 complefnent high dividend 

(CALL 01 V2) ;llo», eel Vpositive*dividend cast 

(POPa- AFTER -NEXT (K-l) SUB H-ZERO A-I) ;N«ke the reeitindtr iiegetive, 

((H-AC) SUB H-ZERO A-AC) ;end change the Sign of the Quetltnt 

; Divide routine for positive dividend. 

DIYl ((Q-K) H-I) ;lw dividend to 0-i 

DIV2 ((H-l) OIVIOE-FIRST-STER H-AC A-2) ifir$X division ittp 

(JUHP-rf -BIT-SET (BYTE-rilLD I «) Q-R DIVIOE-OVERfLOW) jlrror cheek 

(REPEAT 31. ((H-l) DIVIDE-STEI» H-l A-2) ;Hiddle diviAion ttt|»8 

((H-l) DIYIOE-IAST-STEP H-l A-i) :FintT stop, ^tiotitflt In O-t 

((H-l) DIVIDE-REHAINDER-CORRECTIOIi-STEf* H-rA-2) ;Ht1 gets reMindtr 

((H-AC) 0-R) ;Extroct ^ootiont ftm 0-t 

(rOPJ-AFTER-REXT ;IUitwfn oftor noxt. ^ut If 

* POPJ-6REATER-OR-E0UAI H-2 A-KtO) ; ^ivitgr It ntfttlvt. 
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((H-AC) SUB H-IERO A-AC) ; chanft tipt of nuetltfit 
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The Bos Interface 



The Bus Interface connects the CADR machine to two busses, the Unibus and 
the Xbus. The Unibus is a regular pdpl 1 bus. used to attach peripheral devices, especially 
commercial devices designed for the PDPl 1 line. The Xbus is a 32-bit bus used to attach 
memory and high-performance peripheral devices, such as dbk. The bus interface also 
includes the diagnostic interface, which allows a unibus operator, such as a pdpIO, a 
pdpl 1, or another lisp machine, to control the operation of the machine, hardware to pass 
interrupts from the Unibus and the Xbus to the processor, the logic which arbitrates the 
Xbus, and the logic which arbitrates the Unibus in the absence of a pdpl 1 on that bus. 

The Bus Interface allows the CADR machine to access memory on the Xbus and 
devices on the Unibus, allows independent devices on the Xbus to access the Xlnis (only), 
and allows Unibus devices to access Xbus memory (through a map since the Unibus 
address space is not big enough.) Buffering is provided when the Unibus accesses the 
Xbus, to convert a 32-bit word into a pair of 16-bit words. 

The CADR machine sees a 22-bit physical address space of 32-bit words. The 
top 128K of this, locations 174000*00-17777777, reference the Unibus. Each 32-bit word 
has a 16-bit Unibus word in bits 0-15, and zero in bits 16-31. There fe no provision for 
using byte addressing on the Unibus, nor for read-pause-write cycles. The 128K 
immediately below the Unibus, locations 17000000-17377777, are reserved for Xbus I/O 
devices. Locations 0-16777777 are for Xbus memory. 

The bus interface includes a number of Unibus registers which control its various 
functions: 



Spy Feature 

Unibus locations 766000-766036 are used for the Spy feature, which is described 
in detail elsewhere. These locations read and write various internal signals in the CADR 
machine, and provide the necessary hook for microcode loading and diagnostics. 



Two-Mftchine Lashup 

Two bus interfaces may be cabled together with a single 50-wire flat cable for 
maintenance purposes. One machine, the debugger, k able to perform reads and writes on 
the other machine's, the debuggee's, Unibus. Through registers on the Unibus (such as 
the Spy feature), the debuggee may be diagnosed and exercised. By using the debuggee*s 
Unibus map (described below), the debuggee's Xbus can be exercised. The following 
locations on the debugger's Unibus control this feature: 

766100 Reads or writes the debuggee-Unibus location addressed by the registers below. 
7661 14 (Write only) Contains bits 146 of the debuggee-Unibus address to be accessed. 

Bit of the address is always zero. 
7661 10 (Write only) Contains additional modifier Wts, as follows. These bits arc reset to 

zero when the debuggee*s Unibus is reset. 
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1 Bit 17 of the debuggee-Unibm address. 

2 Resets the debuggee*s Unibus and bus interface* Write a 1 here then 
write a 0. 

4 Timeout inhibit. This turns off the NXM timeout for alt Xbus and 
Unibus cycles done by the debuggee*s bus interface (not just those 
commanded by the debugger). 
766104 (Read only) These contain the status for bus cycl» executed on the debuggee^s 
busses. These bits are cleared by writing into location 766044 (Error Status) on. 
the debuggee's Unibus. They are not cleared by power up. The bits are 
documented below under *^rror Status". 



Error Statiis 

766044 Reading this location returns accumulated error status bits from previous bus 

cycles. Writing this location ignorps the data written and clears the status bits. 
Note that these bits are not cleared by power up. 

1 Xbus NXM Error. Set when an Xbus cycle times out for lack of 
response. 

2 Xbus Parity Error. Set when an Xbus read receives a word with bad 
parity, and the Xbus ignore-parity line was not asserted. Parity Error is 
also set by Xbus NXM Error. 

4 CADR Address Parity Error. Set when an address received from the 

processor has bad parity. Indicates trouble in the communication 

between the processor and the bus interface. 
10 Unibus NXM Error. Set when a Unibus cycle times out for lack of 

response. 
20 CADR Parity Error. Set when data received from the processor has bad 

parity. Indicates trouble in the communication between the processor 

and the bus interface. 
40 Unibus Map Error. Set when an attempt to perform an Xbus cycle 

through the Unibus map is refused because the map specifies invalid or 

write-prptected. 
The remaining bits are random (not necessarily zero). 



Inter r opts 

The bus interface allows the CADR machine to field intemipts on the Unibus. if 
no pdpl 1 is present. If a pdpl 1 is present, its program can forward interrupts to the 
CADR machine in a transparent way. The Xbus also can interrupt the CADR machine. 
The following Unibus locations control interrupts and the Unibus arbitrator: 

766040 Reading this location returns interrupt status, as follows: 

1 Disable Interrupt Grant. If this is set. the Unibos arbitrator will not 
grant BR4, BRS, BR6. and BR7 requests. It will continue to grant NPR 
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requests. Powers up .to zero. 
2 Local Enable (read only). 1 means that the bus interface b arbitrating 

the Unibus. means that a pdpl 1 is present on the .bus and is doing the 

arbitration. «j 

1774 Bits 9-2 contain the vector address of the last Unibus interrupt accepted 

by the bus interface or simulated by the pdpll program. 
2000 Enable Unibus Interrupts. A 1 here causes bit 15 (Unibus interrupt) to 

be set when the bus interface accepts a Unibus interrupt. This bit is not 

reset by power-up. 
4000 Interrupt Stops Grants. A 1 here causes bit (Disable Interrupt Grant) 
to be set when the bus interface accepts a Unibus interrupt, thus 
preventing further interrupts until the CADR machine has processed the 
first interrupt. This bit is not reset by power-up. 
30000 Bits U-12 are the "interrupt level" for purposes of Unibus granting. The 
mapping to normal pdpll levels is: 0->0. l->4. 2->5. 3->6. To simulate 
level 7. turn on Disable Interrupt Grant. These bits are not reset by 

power-up. 
40000 Xbus Interrupt (read only). This bit B the interrupt-request line on the 

Xbus. 
100000 Unibus Interrupt. A 1 indicates that a Unibus interrupt has been 

accepted by the bus interface or simulated by a pdpll program, and is 

awaiting processing by the CADR program. This bit clears on power-up. 

Note that the interrupt-request signal to the CADR machine is the OR 

of bits 14 and. 15. 
766040 Writing this location writes into bits and 10-13 (mask 36001) of the above 

register. This is used to change the "interrupt level" and to re-enable acceptance 
of Unibus interrupts after processing an interrupt. 
766042 Writing this location writes into bite 2-9 and 15 (mask 101774) of the above 

register. This is used to simulate Unibus interrupte and to clear bit 15 (Unibus 
Interrupt) after processing an interrupt. 

Locations between 766040 and 7661 36 not mentioned above are duplicates of other 
locations, and should not be used. 



Unibus Map 

Unibus locations 140000-177777 are divided into 16 pages which can be mapped 
anywhere in Xbus physical address space. Each page is 512 16-bit words or 256 32-bit 
words long, the same size as the pages of the CADR virtual memory. The First 8 pages 
can be addressed by a pdpl 1, while the second 8 are hidden under the pdpl 1 1/0 space. 
The Unibus map is intended to be used both as a diagnostic path to the Xbus and for 
operating Unibus peripherals that access, memory. 

Each Xbus location occupies 4 Unibus byte addresses. It Ukes two 16-Wt Unibns 
cycles to read or write one 32-bit Xbus location. 16 buffers (one for each page) are 
provided to hold the data between the two Unibus cycles. As long as each page b only in 
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use by a single bus-master, the right thing will happen. 

An additional feature is that writing an Xbus address of n40CX)00 or higher 
through the Unlbus map writes into CADR's MD register. This provides a 32-bit paralld 
data fmth into the processor for diagnostic purposes. These Xbus addresses are otherwise 
unusable, because they are used by the processor to address the Unibtts. 

Unibus locations 766140-766176 contain the 16 mapping registers. Note that 
these power up to random contents, and should be cleared by an initialization routine. 
The bit layout is: 

lOOCXX) Bit 15 is the map-valid bit. If this is 0, this mapping register is not set up, 
and will not respond to the Unibus; NXM timeout will occur and an Error 
Status bit will be set. 
40000 Bit 14 is the write-permit bit. If this is 0, this mapping register will not 

respond to Unibus writes; NXM timeout will occur and an Error Status bit 
will be set. 
37777 Bits 13-0 contain the Xbus page number. These bits are concatenated with 
bits 9-2 of the Unibus address to produce the mapped Xbus addrc». 



3s The CADR Microprocessor 



The Xbns 



The Xbus is the standard 32 bit mdt data bus for the CADR processor. Main 
memory and high speed peripherals such as the disk control and TV display are interfaced 
to the Xbus. Control of the Xbus is similar to the Unibus. in that transfers are positively 
timed and (as far as the devices are concerned) asynchronous. The bus is terminated at 
both ends with resistive pullups of 390 ohms to ground and 180 ohms to +5 volts, for an 
effective 123 ohm termination to +3.42 volts. At ground, each termination draws 28 ma. 
for a total load of 56 ma. The bus is open collector, and may be driven with any device 
capable of handling the 56 ma. load. The recommended driver is the AMD 26StO, which 
also provides bus receivers. 

A typical read cycle begins with placing the address for the transfer on the - 
XADDR lines and the parity of the address on the -XBUS.ADDRPAR line. The - 
XBUS.ro line is then lowered, initiating the request. The responding device places the 
requested data on the 32 -XBUS lines and the parity of the data on the -XBUS.PAR line. 
Should it not be convenient for the device to produce parity (as in the case of I/O 
registers), the device may assert -XBUS.IGNPAR to notify the bus master that the 
transfer should not be checked for correct parity. The responding device then asserts - 
XBUS.ACK. which remains asserted until the -XBUS.RO signal is removed by the master. 

Write requests proceed identically, except that the master asserts -XBUS.WR and 
the data to be written on the -XBUS lines along with the address lines. All bus masters 
are required to produce good parity data on writes. 

D«kewing delays are the responsibility of the bus master. In particular, it is the 
responsibility of the bus master to assert good address, write, and data lines 80 ns. prior to 
asserting -XBUS.RO. and these lines must be held until the -XBUS.ACK signal drops in 
response to the master dropping -XBUS.RQ. Responding devices are allowed to assert - 
XBUS.ACK at the same time they drive read data onto the -XBUS lines. Thus, masters 
should delay 50 ns. after receiving -XBUSACK before dropping -XBUS.RO and strobing 
the data. Responding devices are required to drop -XBUS.ACK immediately after - 
XBUS.RO is no longer asserted. 

Normal bus master arbitration between the CADR processor and the Unibus 
requests is handled by the bus interface. Devices on the Xbus which must become bus 
masterrsuch as the disk control, do so by asserting the -XBUS^XTRQ signal. When the 
bus becomes free, the bus interface responds by asserting -XBlffi.EXTGR ANT. This 
signal is daisy chained between bus master devices on the Xbus, coming in on the - 
XBUS.EXTGRANT.IN pin and leaving on the -XBUS.EXTGRANT.OUT pin. Within 
each device, the decision is made whether or not to pass the grant onto the next device. 
Unlike the Unibus structure, the decision on n^ether to pass grant and the act of 
becoming bus master happen synchronously with a master clock signal distrtbnted on the • 

XBUS.SYNC line. 

When a device initiates a request, it immediately asserts •XBUS.EXTRQ. At the 

falling edge of -XBUS-SYNC it clocks the request signal into a D flip flop which we will 
call REOSYNC. When .XBUS.EXTORANT.IN goes low. the device asserts - 
XBUS.EXTORANT.OUT unless it has either the KEQSYNC fUp flop aet. or is already 
the bos master. At the next falling edge of -XBUS5YNC the device which has both - 
XBUS.feXTGRANTJN and REQ^YNC set becomes bus master. The device should 
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immediately assert -XBUS.BUSY and may immediately begin asserting address ttn« for a 
transfer. -XBUS.BUSY may be dropped asynchronously, after the slave device drops - 
XBUS.ACK in response to the master's request. 

The -XBUS.EXTGRANT.IN signal must be terminated with a resistive puUup of 
1 80 ohms to -1-5 volts within each device which does not simply connect it to • 
XBUS.EXTGRANT.OUT. 

XBUS Signal review: 

Data lines: 



«XBUS<31K)> 

-XBUS.PAR 

.XBUS.IGNPAR 



a read. 



32 data lines, low when data is a one. 

Parity of the 32 data lines. R^uired for writes. 

Ignore parity signal, may be asserted by any device for 



Address lines: 



XADDR<21.-0> 
.XADDR.PAR 

Cycle control lines: 



22 address lines, low for address bit a one. 
Odd parity for the address. 



-XBUS.RQ Asserted by the master to request a read or write 

Minimum of 80 ns following stable -XAD0R, .XBUS.WRITE, 
and -XBUS data. 

-XBUS. ACK Asserted by the slave in response to -XBUS.RQ No 

delay necessary following assertion of good read data. 

-XBUS.WR Asserted by the master during a write cycle. 

Mastership control lines: 

-XBUS,BUSy Asserted when a device other than the bus interface fa 

bus master. Only the bus interface examines this line. 
Asserted on a -XBUS.SYNC clock edge, dropped 
. asynchronously after -XBUS.ACK drops. 

Asserted when a device other than the bus interface 
wishes to become bus master. Asserted asynchronously, may 
be removed asynchronously after the device becomes master, 
but before dropping -XBUS.BUSY. 

-XBUS.EXTGRANTiN The daisy-chained mastership grant signal. Must be 
pulled up to +5V with a 180 ohm resistor. - 
XBUS.EXTGRANT.OUT Asserted initially by the bus 
interface, synchronously with the -XBUS^YNC edge. The 
signal may be subject to synchronizer lossage, since it fa t 
clocked version of -XBUS.EXTRQ which fa not synchronons 



.XBUS.EXTRO 
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Miscellaneous: 



with -XBUS.SYNC 



•XBUS.INIT 



-XBUS.SYNC 



^XBUSiNTR 



XBUS.POWER.OK 



When low, resets all devices. Thk is low during power 
on and off; and when the machine is reset. 

Synchronization clock for mastership passing and other 
desired purposes. Devices become bus master synchronous . 
with the edge of this signal. The request will normally follow 
the edge by 80 ns. 

Driving this low requests an interrupt. AH devices are 
required to initialize to a non-interrupt enable condition, and 
are required to have interrupt enable and disable bits which 
can selectively enable interrupts from that device. The 
•'requesting interrupt*' state must be readable in one of the 
device control register bits. 

This line is HIGH when power is stable. It 
remains low for 3 seconds after power comes on, and goes low 
3 seconds before power is turned off. 
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Error Checking 



All internal memories in the CADR machine have parity checking. If bad parity 
is detected, the machine is halted, if that is enabled. The processor always completes the 
current instruction, and clocks the next one into the IR. before halting. This is done to 
simplify the timing and to ensure that it halts with the scratchpad memory latches open. 
It means that the data with bad parity will no longer be on the busses once the machine 
stops. Furthermore, one incorrect instruction will have been executed. The OPC register 
can be helpful in reconstructing what must have happened. 

Upon initial poweron. error halting is disabled, but it is expected that as soon as 
the bootstrap program has initialized all internal memories it will enable error halting. 

Main memory parity is checked and can either halt the machine, cause a 
microcode trap, or be ignored, depending on mode flags in the diagnostic interface. 

The data paths do not have any redundant checking. When the machine is 
bootstrapped it runs some simple diagnostics designed to detect solid failures in the 
memories and data paths. 
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Self Bootstrapping 



When the machine is powered on it resets itself and the Unibus but does not 
automatically start up. A bootstrap sequence can be initiated in any of several ways. The 
diagnostic interface can command one. The diagnostic display panel, by grounding one 
wire, can start one. This is intended to be connected to a push button. The bus interface 
can start a bootstrap by grounding one wire. The chaos network interface, if it receives a 
certain sequence of messages from the network, will "push the boot button.'' The I/O . 
board recognizes a special set of keyboard commands (left and right control-meta) as a 
boot signal. The character typed along with the left-right control-meta is available to the 
bootstrap for selection of software options. 

The bootstrap sequence starts by resetting the machine, which will halt it if it is 
running. It turns on RUN, which will not do anything yet since the clixk is stopped. It 
sets the machtije to its slowest speed, disables parity traps, error halte. and the statistics 
counter, and enables the PROM (read-only) control memory. The trailing «lge of the 
boot signal allows the clock to starts causing a trap to microcode location 0, just like the 
memory parity error trap. Location of the PROM receives control. It must clear all 
internal memories (filling them with good parity), reset the Unibus (before first using it), 
enable error halts, set the machine speed to its normal value, run some diagnostic checks 
to be sure the machine is working to some extent, load the microcode from the disk, load 
the initial contents of main memory from the disk, and transfer control to the normal 
microcode at its start address by going over the Unibus and manipulating the diagnostic 
interface. 

If the diagnostic self-test fails, the microcode goes into a loop, and the value of 
the PC can be read from the diagnostic display to determine what the problem seemed to 
be. 
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Intermpts and Sequence Breaks 



Interrupts are hardware signals to the microcode • typically the microcode 
transfers data in or out of a buffer in main memory. When the signal requires the 
attention of f uU Lisp code, a sequence break is triggered. This consists of setting a 
sequence-break pending flag in A-memory, and. if a defer-sequence-break flag (also in A- 
memory) is not set. setting the hardware sequence-break flag. This flag is tested at 
various convenient points such as macroinstruction fetch, and causes the microcode to . 
turn off the flag and enter the sequence-break routines. The sequence-break flag is tested 
by the same jump instruction that tests for page faults and interrupts. 

Interrupts can be generated by both the Xbus and the Unibus. The exact 
protocol is documented in the section on the bus interface. 

Sequence-breaks are software signals indicating the need to run the scheduler (a 
Lisp program). A sequence-break suggests that the condition for which some process is 
waiting may have become true. The scheduler checks all procc^es for ninnability, and 
also checks if it is time to perform periodic actions which are not full processes. Lisp 
programs can defer sequence breaks to protect critical areas, while still allowing interrupts 
so that real-time response at the lowest level is preserved. 

Access to virtual memory in the Lisp Machine software environment is viewed as 
a primitive operation. Regardless of the actual location of a memory datum, the fetch of 
that item is continued. This view considerably simplifies coding of the system, but 
imposes moderately high potential latencies in responding to sequence breaks. Interrupts 
are handled entirely at the microcode level, and the response time for th«e will be quite 
short. 

The interrupt-control register, writable by functional destination 2. and readable 
in the high bits of LC (functional source U). contains three bits relevant to interrupts. 
Bit <27>. INTERRUPT ENABLE, allows the external interrupt signal from the bus 
interface to be seen by the JUMP instruction. Bit <26>. SEQUENCE-BREAK, is the 
sequence-break flag which is testable by the JUMP instruction. 

Bit <28>. BUS-RESET, generates a RESET signal on the Unibus (BUS INTT L) 
and on the Xbus (XBUS.INIT L). and resets the bus interface, when it is written 1 and 
thenO. The machine also resets the busses when it is powered up. 

Bit <29> is used by the Instruction-Stream feature. 
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The Stttlstlcs Coanter 



The statistics counter is a 32-bit counter, which increments whenever an 
instruction with bit 46 = 1 is executed. When the counter overflows from -1 to the 
machine stops, after completing execution of the instruction which caused the overflow, 
(The stopping is under control of an enable bit in the diagnostic interface.) Bit 46 is 
always in instructions from the PROM. 

The statisttcs counter can be read and written using the diagnostic interface. It 
provides several facilities. 

It can be used for metering, to measure how many instructbns are executed/ 
possibly restricted to a certain subset of the microprogram. The microcode debugger and 
console program has commands to set and clear the statistics bits in areas of control 
memory. 

It can be used for breakpointing, by setting the counter to -1 and turning on the 
statistics bit in those instnictions which have breakpoints set on them; 

It can be used to find obscure bugs, by setting the statistics bit in aU locations of 
control memory, and setting the appropriate number in the statistics counter to cause the 
machine to halt just before the point where the error appears, so that it can be single- 
stepped through the suspect microcode. 

The statistics counter is loaded from the Instruction Write Repster, rather than 
the normal diagnostic bus, because of its 32-bit width. Effectively it loads from the M bus 
with a 1 -cycle delay. It is probably not possible for the machine to use the statistics 
counter on itself, although clever ways might be found. 
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The Diagnostic Interface 



The diagnostic interface occupies 16 Unibus addresses. It includes a 16-Wt 
diagnostic bus which can be used to read and write various portions of the machine. 
There are 16 readable locations, and 8 writable locations. A readable location and a 
writable location at the same address have no relation to each other. The diagnostic bus 
is used by debugging and maintenance programs, including the ''comole'' program, and iia 
a few cases by the machine itself during bootstrapping. 

First we will describe the readable locations. These are sometimes called the 
"spy feature.'* Naturally, most of these are somewhat meaningless if read while the 
machine is running. 

766000 IR<15-0>. The low 16 bits of the currently-executing instruction. 

766002 IR<31-16>. The middle Id bits of the currently^xecuting instruction. 

766004 IR<47-32>. The high 16 bits of the currently-executing instruction. 

766006 not used 

766010 OPC. The OPCs are described below. 

766012 PC. The current program counter, which is the address of the next instniction to 
be executed. 

766014 OB<15-0>. The low half of the output bus. 

766016 OB<3M6>. The high half of the output bus. 

766020 Flag Register 1, This provides various signals associated with starting and 

stopping the machine. When the machine stops due to a hardware error, this 
register tells what happened. The bits are: 

<15> = -WAIT. 1 if the machine is running m runnable, if it is waiting 

for memory. See the discussion of Clocks for the exact meaning of 

WAIT. 
<14> = -VIPE. Normally 1. if the level-2 map had a parity error at the 

last clock. 
<13> - -VOPE. Normally 1. if the leveH map had a parity error at the 

last clock. 
<12> := HIGHOK. 1 if the high runs in the machine are all valid, if 

some are not. This is essentially a power-supply check* and a 

check for broken wires. 
<1 1> = -STATHALT. * Normally 1,0 if the machine has been stopped by 

the statistics counter. 
<10> = ERR. 1 if an error condition is present. If ERRSTOP is on in tte 

mode register, the machine is^ stopped. 
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<9> « SSDONE. 1 if a single-step operation iias been completed. 

<8> = SRUN. 1 if the machine is trying to mn (but it may be stopped by 

a parity error, by a wait condition, or by the statistics counter). 
<7> = -HIGHERR. 1 if there was HIGHOK at the last clock. 
<6> = -MEMPE. Normally 1/0 if there was a main memory parity eixor 

that was .not caught by a trap at the last clock. 
<5> - -IPE. Normally 1, if there was a control memory parity error at 

the last clock. 
<4> = .DpE. Normally 1.0 if there was a dispatch memory parity error 

at the last clock. 
<3> = -SPE. Normally 1 . if there was an SPC stack parity error at the 

last clock. 
<2> = -PDLPE. Normally 1. if there was a PDL-buffer parity error at 

the last clock, 
<1> = -MPE. Normally 1, if there was an M-scratchpad parity error at 

the last clock. 
<0> = -APE. Normally 1, if there was an A-scratchpad parity error at 

the last clock. 

766022 Flag Register 2. This register contains flags associated with pipelining and some 
miscellaneous control signals which the debugging program likes to sm. The bits 
are: 

<15> = unused 
<14> = unused 
<1 3> = WMAPD. The previous cycle said to write the map, and this cycle 

will. 
<12> = DESTSPCD. The previous cycle wrote into the SPC stack by using 

a functional destination (as opposed to a CALL transfer). 
<11>-IWRITED. The previous cycle did an I-MEM WRITE type of 
JUMP instruction, and this cycle will write control memory, do a 
RETURN transfer, and NOP the following cycle. 
<10> = IMODD. The previous cycle used the "OA register'* to modify this 
cycle's instruction, or this cycle's instruction came from the 
DEBUG-IR (see below). This flag inhibits parity checking of the 
IR. 
<9> = PDLWRITED. The previous cycle caused a write into the PDL- 

buffer, and this cycle will do it. 
<8> = SPUSHD. The previous cycle caused a write into the SPC stack* 

. and this cycle will do it. 
<7> = unused 
<6> = unused. 

<5> = IR<48>. This is the parity bit of the IR. 
<4> = NOP. The instruction currently in the IR is not really being 

executed; this cycle is a NOP cycle. 
<3> = -VMAOK. The last attempt to start a main memory cycle was not 
successful because the map indicated a page fault 
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<2> - JCOND. 1 if the junip-condition is sttisfied. Meaniiigless if the 
. instntction in IR b not a JUMP imtmction. 

<l-0> - PCSl-0^ These 2 bits select the next PC (the address of tte 
instruction after next.) The encoded vatiies are. 

= SPC<13-0> the SPC stack. 

1 - IR<25«12> the address specified by a JUMP instmcticm. 

2 - DPC<1 3-0> the dispatch memory. 

3 = IPC<U-0> the PC-i-1. 

766024 M<15-0. The low half of the M*source selected by the instruction currently in 
IR. 

766026 M<31.16>. The high half of the M-source.. 

7660K) A<15-0>. The low half of the A-source selected by the instruction currently in 
IR. 

766032 A<3M6>. The high half of the Asource. 

766034 ST<l5-a>. The low half of the statistics counter. 

766036 ST<31-i6>. The high half of the statistics counter. 

Here is a description of the writable registers of the diagnostic interface. 

766000 DEBUG4R<15-0>. The low 16 bits of an instruction supplied by the diagnostic 
interface. 

766002 DEBUG-IR<3M6>. The middle 16 bits. 

766004 DEBUG-IR<47.32>. The high 16 bits. 

766006 Clock control register. Resetting the machine sets this to zero. The following 
bits exist: 

<4> = LDSTAT. Setting this to 1, then clocking the machine, causes the 
statistics counter to load from IWR<31-G>. which loaded from the M 
bus on the previous clock. 

<3> = IDEBUG. Setting this to 1 causes the IR to load from the DEBUG-IR 
instead d* the PROM or the control memory, when the machine is 
clocked. The primary way that the machine can be manipulated 
through the diagnostic interface is by executing instructions using this 
mechanism. 

<2> == NOPl 1. Setting this to 1 forces NOP. This allows you to clock the 
machine, for instance to transfer DEBUG-IR into IR, without the 
present contents of the IR causing unwanted skif -effects by getting 
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executed as an instn^tUHL NOFll does not prevent the PC fram 
setting changed (in fact it will be increnwnted). and it does not prevent 
previously-scheduted pipelined writes from happening. 

<1> = STEP. Setting this to 1. when SSDONE is 0, causes the processor clock 
to run for one cycle, and then set SSDONE. Setting STEP to clears 
SSDONE. (Both of these operations really take several cycles of the 
clock to complete.) STEP is the way that the diagnostic interface 
"clocks" the machine. Note that the main dock is running all the tinie, 
even when the machine is stopped. STEP generates a single processes 
clock, in synchronism with the main clock. 

<0> « RUN. Setting this to 1 causes the machine to start running. You first 
use Step to set up the state of all the registers and memories, the PC, 
and the IR. then turn on RUN. The first instruction ez«;uted is the 
one you left in the IR. 

766010 OPC control register. Resettinjg the machine sets this to »ro. This register 
contains some bits which need to be used by the console program in order to 
completely restore the state of the machine from a saved state. The bits are: 
<2> = OPCINH. Setting this to 1 inhibits the OPCs from being clocked by 
the processor clock. This bit must not be changed except when the 
clock is high (i.e. the machine is stopped). The process of restoring the 
OPCs consists of setting OPCINH, then getting the 8 values into the PC 
by executing JUMP instructions, and transferring those values into the 
OPCs via the OPCCLK bit. Once the OPCs have been restored, 
OPCINH remains set so that they will be undisturbed while the rest ot 
the machine state is restored. Just before starting the machine, set 
. OPCINH too. 
<1> = OPCCLK. Setting this to 1 and then to generates a clock to just the 
OPCs. This is used to read out the 8 OPC registers without disturbing 
the state of the rest of the machine. 
<0> = LPC.HOLD. Setting this to 1 prevents the LPC register from loading 
from the PC register when the machine is clocked. This is used in 
restoring the LPC. The LPC is a duplicate copy of the first OPC 
register, used by the IR<25> feature of the DISPATCH instruction. 

766012 Mode register. Resetting the machine sets this to zero. This register enables 
various features and controb the speed of the clock. The bits are: 
<7> = PROG.BOOT. Setting this to 1 starts a bootstrap sequence. 

<6> = PROG.RESET. Settmg this to 1 resets the machine. Reset stops the 
machine by clearing RUN. forces the clock to stop until the RESET 
operation is over, clears the pipeline flags which cause things to happen 
in the next instruction, and clears the Clock. Mode, and OPC registers 
of the diagnostic interface. 

<5> = PROMDISABLE. A 1 here disables the PROM. A here replaces the 
first IK locations of control memory with the PROM. 
. <4> = TRAPENB. A 1 here enables main memory parity errors to cause 



41 The CADR Microprocessm 



microcode traps to location 0. A here causes mam iMtnory parity 

errors to be treated the same as other parity errors. 
<3> = STATHENB. A 1 here enables overflow d the statistics counter to 

halt the machine. 
<2> = ERRSTOP. A 1 here enabte hardware errors (HIGHERR and various 

parity errors) to halt the machine. A causes it to continue blithely 

on. 
<1^ = SPEED<l-0. These bits control the speed of the clock. The 

ILONO bit in the microinstruction also affects the speed, slowing it 

down by 40 nanoseconds. The speed codes are: 

= Extra Slow 

1 =Slow 

2 = Normal 

3 = Fast 



766014 not used. 
766016 not used. 



The OPCs arc a set of 8 registers which remember the last 8 values of the PC. 
This provides a useful history for debugging. It is also used by the microcode itself in 
certain frap*handling routines. You can only read the last of the 8 OPCs, which is what 
the PC was 8 clocks ago. Special control is provided over the clocking of the OPCs so 
that they can be read out without di so that they can be saved and restored by the 
microcode debugger. This is described above under 766010. 

The OPCs can be read both by the diagnostic interface and as a functionai 
source, for maximum flexibility. 

The bus interface provides a special path by which the MD roister may be 
loaded. This provides a parallel source of diagnostic input data. After loading MD, 
instructions can be executed via the DEBTJG4R to transfer the data to the desired 
destination. 

There are several maintenance indicators (light-emitting diodes) scattered around 
the machine. Inside the front door, near the lower4eft*hand corner, are 5 octal disf^ays. 
These show the current value of the PC. The decimal points on these displays show 
various interesting conditions. From left to right: 

1 - PROMENABLE. Indicates that the current instruction is coming from the PROM 

rather than the writable control memory. 

2 - IPE. Indicates that control memory had a parity error at the last clock. 

3 - DPE. Indicates that dispatch menx)ry had a parity error at the last clock. 
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4 - TtLTO. Indicates thit the map m mtiii inemc^ hid a frntity error at the last clodu 

5 - TILTl. Indicates that the A^scratchpad. the M*scratchpad, the PDL-bitf(er» or the 

SPC stack had a parity error at the last ciodu 

There is also provision for indicators for the various error conditions, **the 
machine is really running^ and the status c^ the disk interface. The location of this 
indicator panel/ and whether or not all machines will have onCt is not yet determined. 
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The Disk CoiitroUer 

The Lisp machine disk controller attaches from 1 to 8 disk units of the Trtdcnr 
family to the GADR machine's XBUS. The I -unit version consists of one board, and i 
second board is added when more than one disk unit is to be used. The two versions are 
almost program compatible* 

Interface Registers 

The disk controller is operated by reading and writing four 32-blt registers which 
are on the XBUS. These are normally at physical addresses 17377774-17377777, which is 
just below the Unibus. The address can be changed by changing jumpers. Many bits in 
these registers refer to the "selected mW\ which is that disk unit whose number is 
currently in bits <30:28> of the disk-address register. 

When read, the registers are: 

STATUS 

<24:31> The block-counter of the selected unit. This tells you its current rotational 
position. Reading of this register is not synchronized to its incrementation, so 
you must read it twice and check that it came out the same both times. 

<23> Internal Parity Error. This indicates that parity of the bits seen at the disk 
and parity of the bits seen at the memory failed to agree; something must have 
been lost inside the controller someplace. The Read All and Write AH 
commands cause spurious internal parity errors. The Read Compare command 
causes a spurious internal parity error if it sets Read Compare Difference (bit 
22) and the the disk data and the memory data differ in parity. Thb error 
does not stop the transfer. 

<22> Read Compare Difference. This indicates that data from memory and data 
from the disk failed to agree. This bit is undefined unless the command is 
read-compare. This error does not stop the transfer. 

<21> CCW Cycle. This bit being on in combination with Memory Parity Error 
or Nonexistent Memory Error indicates that the error happened while fetching 
a CCW, rather than while reading or writing data. 

<20> Nonexistent Memory Error. Indicates that memory ^r other XBUS device) 
failed to respond within 15 microseconds. This error stops the transfer. 

<19> Memory Parity Error. Indicates that even parity was read from memory (or 
other XBUS device). This error stops, the transfer. 

<18> Header Compare Error. Indicates that a block-header read from disk failed 
to have the expected value. This may be because the disk head is not 
positioned at the proper place, because the disk is not correctly formatted, or 
because the. header wasn't read correctly. This error stops the transfer. 

<17> Header ECC Error. Indicates that the error-correcting code of a block 
header failed to check. Unfortunately most header E(X errors show up as 
header compare errors instead. Maybe thb can be fixed? This emir stops the 
' transfer. I^der ECC Error also happens if an attempt is made to continue t 
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read or write operatitm past the end of the disk. 
<I6> ECX: Hard. Indicates that the errw correcting code discovered an error, and 

was unable to correct it. The data read from disk is wrong, try reading again. 

This error stops the transfer. 
<15> ECX; S<rft. Indicates that the error correcting code discovered an error, and 

was able to determine which data bits were in error. The program can correct 

it, see the ECC Register for how. The error correcting code wiU correct any 

single burst of up. to 1 1 erroneous bits. This error stops the transfer. 
<14> Read Overrun. Indicates that data arrived from the disk faster than it could 

be stored into memory. This error stops the transfer. 
<1 3> Write Overrun. Indicates that memory did not supply data fast enough for 

the disk. This error stops the transfer. 
<1 2> Start Block Error. Indicates that a start-of-block (sector puke) happened at 

a time when it should not have. Either the disk is incorrectly formatted or it 

is generating spurious sector pulses. This error stops the transfer. 
<U> Timeout Error. Indicates that a disk operation took longer than 2.5 

seconds. This error stops the transfer. 

<10> Selected Unit Seek Error. The selected unit is reporting faihire of a seek 

operation. This error stops the transfer. Re»t the error by using the 
Recalibrate command. 

*^^ Selected Unit not On-line. The heads are not loaded, the disk is 

not powered on. or there is no disk at the specified unit number. This error 
stops the transfer. 

"^^^ Selected Unit not On-Gylinder. Generally indicates that a seek is 

in progress on the selected unit. Not an error. If the disk goes off-cylinder 
during a write operation, a fault will occur. If it goes off cylinder during a 
read, presumably a header-compare error or an ECC error will pccur. 

<7> Selected Unit Read-Only. The status of a switch on the disk. Note 

that the read-only status can only change to reflect a change in the switch 
when the drive is not selected. Storing into the Disk Address register 
momentarily deselects the current unit so that it may update its read-only 
status from the switch. Writing while the disk is read-only causes a fault. 

"^^^ Selected Unit Fault. Indicates either trouble with the disk or a 

programming error, see the Trident manual. This error stops the transfer. 
Reset by using the Fault Clear and/or Recalibrate commands. This error 
lights the Device Check light on the drive. 

<5> No Unit Selected. This error stops the transfer. Happens if no 

disk is plugged into the selected unit number, or the disk unit is powered off 
or "degated". 

^^^ Multiple Units Selected. This error stops the transfer. This 

indicates, that more than one disk drive is selected, or the wrong drive is 
selected. 

'^^^ Interrupt Request. I means the disk controller is assertine - 

XBUS.INTR. 

<2> Selected Unit Attention. Reset using the At Ease command. 

Attention indicates seek completion, recalibrate completion, initial loading of 
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the heads, seek tnconiplete error, or an emergency head retract. TimpBcit'* 

seeks do not cause attention. 
<1> Any Attention. Some unit has an attention, you have to select 

them one after another to find out which. 
<0> Not Active. means the controller h busy. 1 means it is ready to 

accept a command. 

1 MEMORY ADDRESS 

<31:24> not used 

<23:22> Disk type. 00 Trident 01 Marksman 10 unused 1 1 Trident (old control) 

<21K)> the address of the last memory reference made by the disk control. Thb is 

the address of a CCW if CXJW Cycle is on in the status register, otherwise the 

address of a data word. 

2 DISK ADDRESS 

<31> not used 

<30:28> Unit number. In the l-unit version, always zero. 

<27:16> Cylinder number. A T-80 has 815. cylinders. 

<1 5:8> Head number. A T-80 has 5 heads. As it turns out, only the bottom 6 bits 

of the head number can work (this is a feature of the Trident.) 
<7:0> Block number. A T-80 is usually formatted with 17. blocks per track. 

"Block'* is mostly synonymous with ^'sector*'. 

When a transfer is terminated by an error, the disk address register contains the 
address of the block being transferred when the error occurred. When a transfer 
terminates normally, the disk address register has the address of the last block 
transferred. 

3 ERROR CORRECTION REGISTER 

<31:16> Error pattern bits. 
<15:0> Error bit position-i-1. 

When a soft ECC error occurs, this register tells where in the last block transferred 
the error was. The disk address register has the disk address of the block containing 
the error, and the command list pointer points to the CCW which points to the 
memory page containing the error. The error pattern should be XOR'ed into the 
contents of memory at the specified bit address; it may overlap across a word 
boundary. Note that the bit position is off by 1; the first bit in the block is bit I. 

You should not write any register while a transfer is active, except for using the Reset 
command to stop a hung transfer, and even then you should expect to lose. 

When written, the registers are: 

COMMANl^ 

Wilting the command register does NOT initiate a transfer, unlike most disk 
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controllefs. Use register 3 (START) to initiate a transfer, after setting up the other 
registers. However, writing the command register does i^set the various error .flags. 
Note that the command register cannot be read back. 

<31:I2> not used 

<1 1> Done Interrupt Enable. Enables not-active (bit of the status register) to 
cause an interrupt. The interrupt will keep happening until you clear this bit. 
(This is really an idle interrupt rather than a done interrupt.) 

<ltt> Attention Interrupt Enable. Enables any-attention (bit 1 of the status 
register) to cause an interrupt. (The interrupt will only happen if the 
controller is not active. While the controller is active you' couldn't do 
anything about it anyway.) The interrupt will keep happening until you select 
the drive and give an at-ease command, or clear this bit. 

<9> Recalibrate. In combination with command 5, causes the disk to return the 
heads to cylinder 0. 

<8> Fault Clear. In combtnation with command 5, resets most fault conditions 
in the disk. 

<7> Data Strobe Late. For recovery of marginal data. 

<6> Data Strobe Early. For recovery of marginal data. 

<5> Servo Offset. For recovery of marginal data, offsets the heads slightly. Bit 
4 controls which direction. Note that this is somewhat kludgey, if you try to 
seek while the heads are offset you get a fault. (use command 6 first to clear 
the offset.) Transferring more than one block at a time while in servo offset 
mode, or even retrying a transfer without first doing an offset clear, will 
probably cause a fault. Of questionable worth anyway. Writing while the 
heads are offset causes a fault. 

<4> Offset forward. 1 means offset forward. means offset backward. 

<3> 1/0 Direction. 1 means from-memory. means to-memory. See below for 
valid combinations. 

<2.-0 Command code. The following combinations of bits are valid commands 
(here expressed in octal). Note that bits 10 and 1 1 may always be turned on, 
and bits 4 through 7- may be turned on in any reading command. 
GOOD Read. 

0010 Read-compare. Reads from both disk and memory, and sets bit 22 

of the status register if they don't agree. 

0011 Write. 

0002 Read All. Reads all bits of the disk starting at the specified 

rotational position. Note that internal parity errors will occur 
spuriously during this command, and that it will not automaticaUy 
advance heads and cylinders. See the description of disk 
formatting below. 

0013 Write All. Writes all bits of the disk starting at the specified 

rotational position. This is intended for formatting the disk, see 
below. The caveats under READ ALL apply to WRITE ALL «l$o. 
In addition, it doesn*t really write quite all of the last page; 
somewhere between zero and seventeen words will be lost 
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0004 Seek. Initiates a seek to the cylinder sp^if ied in the disk address 

register* An attention will occur when the seek completes. Note 
that this command is not logicaliy necessary; the controller always 
initiates a seek if necessary at the start of a data transfer command. 
The read* read-compare, and write commands also will s^k in the 
middle of a transfer when necessary. The seek command is 
provide so you can overlap seeks on mttltiple units. 

0005 At ease. Resets attention on the selected unit 

1005 Recalibrate. Seek to cylinder 0, without assuming the current 
position of the heads is correct. This is used to correct a seek 
error, and as part of error recovery. Recalibrate resets some error 
conditions in the drive, and causes an attention when complete. 

0405 Fault clear. Resets most error conditions in the drive. 

1405 This probably does both a Recalibrate and a Fault Clear. 

0006 Offset clear. Take the heads out of the offset state. This does not 

wait for completion, but the next command will. 

xxx7 This is a reserved command, and will currently hang the controller, 
causing a timeout error (bit 1 1 in the status register.) 

0016 Reset. This stops the current transfer and resets the controller. 
This command takes effect as soon as it is stored in the command 
register; no store in START is required. After storing a Reset 
command you should store in the command register to turn off 
the reset condition. Use of Reset while a transfer is in progress 
isn't guaranteed not to do strange thin^. 

All rammands except for the xxx5 group and Reset wait for completion of any 
previous seek operation on the selected unit before starting. Thus even the 
Seek and Offset Clear commands can take finite time before the controller is 
ready for the next command. 

1 COMMAND LIST POINTER 

This is the address of a vector of Channel Command Words (CCWs) which 
specify what memory pages, and how many, are to be transferred to/from 
disk. Only bits <15K1> of the CLP can count, so if you try to carry across this 
boundary your command list will wrap around. 

The format of a CCW is: 
<31:24> not used 

<23:8> Main memory address of a page 
<7:1> not used 

<0> More flag. If this bit is 0, this is the last CCW in the list. If this bit 
is 1, there is another CCW in the following location. 

2 DISK ADDRESS 

See the descriptioni of the disk address register under reading. Note that in the l-unit 
version, the unit number bits <30:28> are ignored and regarded as always zero* 
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Writidi^ anything st this addre^ initiates the operation specified in the command, 
disk address, and command list pointer registers. 

Disk Stmeture 

Each disk block contains one Lisp machine page worth of data, i,e. 256. words 
or 1024. bytes. You can transfer up to 65536. consecutive disk blocks to non^consecutive 
memory locations in a single operation, or you could if the machine supported that much 
main memory. A T-80 has 815. cylinders, each with 5 heads (tracks), each with 16. or 17. 
blocks depending on how you feel like formatting it. A T-300 is the same except it has 
19. heads. 



Formatting 

The format is determined by the program that uses the Write All operation to 
format the disk, within the constraints determined by the hardware. A track contains 
(approximately) 20160. bytes (on a T-80 or a T-300). Jumpers in the disk are set to give 
17. sector pulses per track, or one every 1 164. bytes, with a little left over at the m^ of 
the track. 

Everything goes low-order bit first and low-order byte first. Note that bits in the disk 
controller are the complement of bits seen by the drive. Thus all bits in the Trident 
manual should be thought of as complemented. 

The format of a block is: 

(sector pulM here) 
PREAHBLE - 53, bytes of ones. 
VFO LOCK - 8. bytes of ones. 
5YNC - ft byte containing octal 177 
HEADER - a 32-blt word as follows: 
<31:30> next block address code: 

following block on same track 

1 block on next track (next head) 

2 block on head of next cylinder 

3 end of disk 

<29:Z8> not used, should be zero 

<27:16> cylinder number, used to verify that the 

disk is positioned to the correct cylinder. 
<15:8> head number, used to verify the head selection* 
<7:0> block number, used to verify the rotational position. 
HEADER ECC • a 32-bit checkword. 
VFO RELOCK • 20. bytes of ones. 
. srwc - a byte containing octal 177 
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PAD - a byte containliig octal 377, which is here to fix 

a bug in tht logic for read-coB)iara« (Ugh) 
DATA - 1024. bytes of whatever you want. 
DATA ECC - a 32-bit checkword. 
POSTAHBLE • 44. bytes of ones. 

To format the disk, you should do it one track at a time. Lay out in memory 
the bits to be written on the track. Truncate the length to a multiple of a page* but make 
sure that the last 17. words don't matter (in general you will be writing 19. pages, or 
19456. bytes, leaving about 771. bytes at the end of the track which may not get written, 
depending on how full the fifo is when the operation terminates. Depending on the block 
length chosen, you may not get a chance to fully write the last block, but as long as you 
get into the data area it will be all right. Do a WRITE ALL command of this data, with 
a disk address whose block-number field (bits <7.0>) is zero. Ignore any internal parity 
error (bit 23 of the status register.) You can verify it by using the Read All command 
(but the internal parity and read-compare features will not work), or you can use the 
ordinary write and read commands. You must compute the 1S£C check-words manually. 
The polynomialis x""3I-fx'^29+x'^204-x'^I0-fx'"84-l [if I understand this logic c^rrectlyj 

Note that, when using Read All, there is some ambiguity as to pr«:isely where 
the data read starts. It is unlikely to line up the bytes on byte boundaries. The first 
several microseconds worth of data will be missing or corrupted. 



Debugging 

Connector Jl 1 is provided for a flat cable to an LED display, with the following 
useful signals on it. These are ground when inactive, 15 milliamps at +3 volts or so when 
active. 

1 Read Active. The controller is active and bit 
of the command register is 0. 

2 Write Active. The controller is active and bit 
of the coinra^nd register is 1. 

3 Seek. The selected unit is not on-cylinder. 

4 Transfer Lossage. This is the lOR of Timeout, Read 
Overrun, Write Overrun, Hemory Parity Error, and 
Nonexistent Hemory Error. 

5 Format Lossage. This is the lOR of Start Block Error, 
Header Compare Error, Header ECC Error, and Reset. 

6 ECC Lossage. This is the lOR of Hard ECC Error and 
Soft ECC Error. 

7 Disk Lossage. This is the lOR of Hultiple Units Selectedt 
No Units Selected, Selected Unit Fault, Selected Unit not 
On-Line, and Selected Unit Seek Error. 

8 Spare. This probably does not light up. 
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«Here insert a one-page table of instmction formats and so f ortii» 
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the expression program is evaluated to produce the symbol's value (which may be 
conditional cm the context in which it appears). Expression programs ate discussed in a 
later section. 



Instrnctions 

In general. CONSLP assembles a list into a data item by evaluating all the 
elements of the Ibt and adding them up. There is a fairly rich language for specifying 
complex expression programs and assigning symbolic names to them; for now. however, 
we wiU merely use the symbols predefined by CONSLP. CONSLP ako allows the fields of 
an instruction to be written in almost any order, but we will describe only the 
conventional order for writing them. 

The general form of an I-MEM instruction is: 

{<popJ> (<d«st1n«t1onj» <op»r*t1on> <eond1t1on> 

<H-ioupe«> <byte-d»icr1ptor> <A.»oufee> <targtt-tag> <othtP ri«1dt>) 

The <popj> field is POPJ-AFTER-NEXT to specify that the POPJ bit be set. 

The <destinations> field may be an A or M memory tag. or the name of a functional 

destination, or both an M memory tag and a functional destination. 

The <operation> specifies the instruction type, and possibly other fields (such as the jump 

condition) as well. 

The <condition> may also be a separate field, though it usually is encoded as part of the 
operation. 

The <byte-descriptor> describes the byte to be used in a BYTE or DISPATCH 
/instruction. 

fThc <M-source> and <A-source> specify the sources; these may be tags in the appropriate 
tiemories. or, for the <M-source>, the name of an M multiplexor source. 
The <target-tag> is an I-MEM tag for JUMP instructions, or a D-MEM tag for 
DISPATCH instructions. 
The <other fields> can be such things as the Q control and Miscellaneous Functions. 

Many of these fields can be omitted, and CONSLP will default them 
appropriately. If the <operation> is omitted, then ALU is assumed, unless a <byte 
descriptor> is present either implicitly or explicitly, in which case BYTE is assumed. If 
only one source is present in an ALU instruction, then an opcode of SETA is suppHed for 
an A source, and SETM for an M source, thus causing a simple movement of data. If the 
A source is omitted in a BYTE instruction, then location 2 in A memory b assumed 
(which is supposed to contain zero). 

Here are some examples of instructions, with commenUry. We assume the 
convention described above for A and M memory tags. 

((A-FOO) M-BAR) :iMvt fp«ii BM In M-MEH to FOO In A-HCM 

(CALL 1») ;do a CALL tranifar to Instruction ZAP (1 bit *ot) 
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((A-roo) sm n-iAi a-iaz) 

;sybtr«ct A-IAI frm H-BAR, ^t rtsttU 1ft A-fOO 

(JUnP-EQilAl-XCT-IIEXT M-IAR A*FOO LOSE) 

*; jump to LOSE If M-BAft equals A^fOO; i tit it clttr . 
: so Instruction of tor tNo JUMP Is oxtcutotf 
; whtthof or not tht JUMP succoods 

(POPJ-AFTER-HEXT (H-rOO) MEMORY-BATA) 

tptti data from mtniory into n«FCX>, 

; and also POPJ aftar naxt' Inst ruction 

((H-SAVE WEMCWeY-OATA-START-WtlTE) 

ADD mnORY-DATA A-IERO ALU-CARRY- m-OIIE) 

;add one to tlia road memory data* 
; transfer to write memory data and M»SAVE» 
; and begin writing the data into main memory 
; at the address already in the VNA 



Literals 

CONSLP provides a facility for specifying literals in the A and M memories. 
The constructs 

(A-COHSTART <expression>) and (M-CORSTART <expression>) 

may appear as an A source or M source specification, causing CONSLP to allocate a word 
in the appropriate memory, assemble the literal expression there, and use the address of 
that location as the source location. If the same constant in the same memory b 
referenced many times, CONSLP will assemble only one copy of it Two constants are 
considered the same if their final binary values are identical, regardless of the source 
expressions which reduced to those values. The zero constant is treated specially, and 
made to refer to location 2 of the appropriate memory (hence the user should reserve 
these locations as constant sources of zeros). Similarly the -1 constant is made to refer to 
location 3 of the appropriate memory. 



Byte Specifications 

Rather than requiring the user to calculate the rotation count and length (minus 
1) fields for BYTE and DISPATCH instructions. CONSLP provide a uniform method for 
specifying a byte in terms of its size and position in the word; CONSLP then calculates 
the fields appropriately. 

The simplest way to describe a byte is with the BYTE-FIELD construct: 
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(BYTE-FIELD Ksize in bits> <positioii from right>) 

For example. (BYTE-FIELD 5 0) is the low five bits of a word, and (BYTE-FIELD 7 5) is 
the seven bits above them. The two arguments to BYTE-FIELD mtist'be constant 
integers. 

Another way to describe a byte is: 

(LISP-BYTE <ppss>) 

where the low two octal digits of <ppss> arc the size and the next two are the position. 
The argument <pp$$> is evaluated as a LISP form (sec below under **Expression 
Programs'*). 

When a byte specifier appears in an instruction, the op-code is defaulted to 
BYTE, and the type of byte instruction defaulted to load byte**- If specified elsewhere 
in the instruction, the op-code may be DISPATCH instead; the dispatch is based on the 
specified byte. The op-code may also be JUMP, but only if the byte is one bit wide; this 
means that the jump will test the specified bit of the M source. 

When CONSLP assembles the final instruction, it constructs the rotation count 
and length minus 1 fields on the basis of the byte specifier and the operation to be 
performed. For JUMP. DISPATCH, and "load byte" type BYTE instructions, thb 
involves subtracting the byte position from 32 to obtain the correct rotation count 
(Recall that CADR rotates words to the left.) If Miscellaneous Function 3 (LOW PC BIT 
specifies half word) is enabled, then the position (which should be less than 16) is 
subtracted from 16 instead. For "deposit byte" and "selective deposit" type BYTE 
instructions, the byte position itself is used as the rotation count. The length minus 1 
field for BYTE and JUMP is computed by subtracting 1 from the byte length, unless the 
byte length is zero, in which case zero is used. (Note that CADR cannot really handle 
zero-length bytes, but CONSLP allows them to be defined on the theory that the "next 
instruction modify" feature may be in use. Programs which use this feature must be 
aware of the hackery which the assembler puUs, and allow for the actual values of the 
fields at run time.) The DISPATCH instruction has a length field instead of a length 
minus I field, and so no subtraction of 1 is performed for it. 

Here are some examples of the use of byte specifiers: 

<(H-X) (BYTI-FIEiO 7 4) H-Y) 

;txtrtctt • 7-bn bytt, 4 bill froi» 
; the fjflht, from H*Y, and )»tttt thli 
; bytt riBht.Jttttlfitd In W-X. Tbt 
; A toufct is dtfaulttd to I, wtitch 
; sNould bt • constant xtro so tlitt tht 
: other bits in H-X win bt 2tro. 

(JOHP-IF-SIT-SET (lYTE.FIILO I 3) H-W (JOOX) 

livm to OOUX If tht •!«• bit Is itt In H-lAP 

(DISPATCH (SYTE-riilD I 0) H-ZAF OTAIU) 
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;ust tilt \9m thfM bits of H-ZAP to Indtx 
; -into tht ditpttch tablt OTABLI 

It is possible to create a symbolic name for a byte field by using the ASSIGN 
pseudo-operation: 

(ASStGN L0V-KEX-&I6IT (BYTE-FItlD 4 e)) 

Since this is a common Operation, another pseudo-Op exists for the purpose: 

(OEF-OATA-f lEU <syiiibo1> <bytt s1x«> <bytt poiltlon)) 

For exampte: 

(OEF-DATA-flELO lOM-HEX-OISIT 4 0) 

It is also po^ibie to associate a name with a byte field in a particular regbter. 
One way to do this is to sum the byte specifier and the name of the register: 

(ASSI6II COMO IT ion -COOES (PLUS (SYTE-flElO 4 «.) POP-II-PS)) 
(ASSiaW TRACt-TllAP-lIT (RUS (SYTE-flEiO 1 4) WP-U-PS)) 
(ASSISn PRIORITY (PIUS (iYTE-FIEiO 3 5) POP-ll-PS)) 

This case too is common enough to warrant a special pseudo*operation for the purpose: 

(OEF-IIT-FIEtO-m-REG <syfiH>o1> <byti itxt> <bytt poiUloit) <rt0ltttf>) 

For example: 

(OEF-SIT-FIEIO-IR-RES CORDITIOR-COOES 4 POP-U-PS) 
(OEF-tlT-FIELO-m-RES TRACE -TRAP -BIT 1 4 POP-U-PS) 
{0EF-IIT-FIEL0-IR-RE6 PRIORITY 3 5 POP-U-PS) 

Note that the <register> had better be in the M-scratchpad, With this definition, it is 
only necessary to mention, say, PRIORITY, in an instruction to cause an appropriate byte 
reference to occur: 

({A-PRIORITY) PRIORITY) ;txtftct tht PRIORITY bytt frm POP-ll-PS 

: md filact n right»4MSt1f1t# In A-PRlORITY 

By special dispensation, it also works to use such symbok in the destination field. The 
appropriate DPB is assembled. 

Two more pseudo-operations make it easy to define names for many consecutive 
bits or fields in a register. 
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(DEF-wEXT-f lEio <syinboi> <i>ytt $u%> <r«giittf>) .sp This {ien&e$ <syinboI> to bc a byte of 
the speicif led size, in a position to the left of any fields already deHned by DEF-NEXT- 
HELD. If this is the first DEFNEXTHELD for the specified register, then the field 
position is zero (at the low end of the word). For example: 

(OEF-HEXT-FIEIO REi-OffSET 6 IIH-inO-IHSTRUCTIOH) 
(OEF.HEXT.FIELO TAS-FIEIO 2 ISM-lUO-IHSTtUCTKHI) 
(DEF-liEXT-FrELO FOtMAT-Sn I IW-inO-mSTRUCTIOi) 
(DEF-HEXT-FIEIO OP-COOE 5 IBH-llJO-WSTROCTIOII) 

would be entirely equivalent to: 

(OEF-BIT-FIELO-IR-REfi REL-OFFSET IBH-llia-IRSTRUCTIOR) 
(DEF.IIT-FIELO.III-RES.TAS-FIEU 2 6 IIH-IUO-IRSTRUCTIOR) 
(OEF-IIT-FIELO-IR.RES FORHAT-IIT 1 W. IIW-HSO-IRSTRUCTIOII) 
(0EF.SIT-FIEL0.1K*RE6 OF-COOE 5 II. I8H-U30-IRSTRUCnOR) 

The pseudo-operation: 

(OEF-REXT-BIT <symbor> <Pt8lsttr>) 

is entirely equivalent to: 

{OEF-REXT-FIEIO <symbo1> 1 <reg1sttp>) 

and' so allocates a single bit. It may be intermixed freely with DEF-NEXT-FIELD. For 
example: 

(OEF.HEXT.FIELO COR&ITIOR.C00ES 4 POP-ll-PS) 
(OEF-HEXT-BIT TRACE -TRAP-B IT POf-ll-PS) 
(OEF-REXT-FIEiO PRIORITY 3 POP-ll-PS) 

The construct: 

(RESET-BIT-POIRTER <fig1ster>) 

may be used to reset the pointer into <registcr> used by DEF-NEXT-FIELD and DEF- 
NEXT-BIT. This is useful if the data in <register> can have several different formats. 
For example: 

(OEF-HEXT-BIT C POP-ll-PS) 
(DEF-REXT-BIT V POP-Il-PS) 
(OEF-REXT-BIT 2 POP-n-PS). 
(DEF-REXT-BIT R POP-ll-PS) 
(RES£T.BIT.POIRTER POP-Il-PS) 
(OEF-REXT-FIELir COROITIOR-COOES 4 POP-ll-PS) 
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(OCF-HEXT.tlT TRACE-TWf-SIT TOP-U-PS) 
(DEF-ltlXT-FIELO WIOHITY 3 POr-ll-W) 

(OEF-HEKT-FIELO UST-RE6 3 POP-ll-IHSTRUCTICHI) 
(DEF-HEXT-FIELO OST-WOOE 3 POf»-ll-IHSTROCTIOII) 
(DEF-NEXT-FIEIO SRC -RES 3 POP-ll-WSTROCTIOR) 
(OEF-liEXT-FIEtD SRC-RE6 3 FPF-ll-lRSTRUCTIOR) 
(DEF-NEXT-FIEU Of>-C(HIE 4 POP-ll-INSTRUCHCHI) 
(RESET-BlT-fOIRTER f>CH»-ll-IRSTRUCTIOR) 
(DEF-NEXT-FIELD BRARCK-OFFSET S POP- 11 -INSTRUCT ION) 
(0£F -NEXT-FIELD IRANCH-CONDITION 3 POP- II -INSTRUCTION) 
(RESET-t IT-POINTER POP- 11 -INSTRUCTION) 



Dispatch Tables 

When assemWing into the dispatch memory (U. (LOCALITY D-MEM)) it is 
necessary to use two special pseudo-operations, START-DISPATCH and END- 
DISPATCH, to allocate blocks of dispatch memory. These pseudooperations specify the 
length of the block required, and CONSLP undertakes to pack the various odd-sized 
blocks into the dispatch memory in an appropriate itianner. 

The typical form for a dispatch block is: 

(START-OISPATCH <Vog2 of Ilzt> Xtonitant diti>) 
<ilUpitch tablt tag) 

<f Int word of tib1t> 

<Ust word of tiblt) 
{END-OISPATCH) 

The <log2 of size> is the number of bits that will be dispatched on, that is, the logarithm 
base 2 of the size of the dispatch block. The <constant data> will be added into each of 
the words of the dispatch, table; this is useful for the P, R, and N bits (which in CONSLP 
are called P-BIT. R-BIT, and INHIBITXCT-NEXT-BIT). The END-DISPATCH is 
logically not necessary, but is used for error checking. Exactly the correct number of 
words must be assembled between the START-DISPATCH and END-DISPATCH, or 
CONSLP will give an error message. 

As an example of a dispatch table, consider this code: 

(LOCALITY M-«E«) 

POP-ll-iHSTRUCTKHI (0) ;MOL0S SIHULATEO POP-ll IHSTfUICTlOII 

(DEf-HEXT-FIELO 0ST-RE6 3 POP-ll-IHSTRUCTIOH) 

(DEF-MEXT-riELO OST-HOOE 3 POP-ll-IftSTRUCTION) 

(DEF-IIEXT-FIELD SRC-RES 3 PDP-ll-lllSTRUCTI(Ht) 

(OEF-ilEXT-riELO SRC-REG 3 POP-ll-IRSTRUCTIOR) 

(OEf-NEXT-riELO OP-COOE 4 POP-ll-IRSTRtfCTIOR) 
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CtOCAlITY UKn) 

(OISPATCM-CALl-XCT-IIEXT OST-MOOI H-OST-MOOC) 



(LOCALITY O.ME«) 

(STAKT-OISfATCK 3 P-SIT) 

0-eST*HOCr£ 

(0ST-R€6ISTER) ;Ro 

(OST-RES-IMOIRECT) ;|R0 

{OST-AUTO-IIICREHEIIT) ;(Re)+ 

(OST-AUTO. inc. IHOIRECT) ;f(ROH 

(OST.AOTO.OECREHENT) ;-(R0) 

{OST-AUTO-OEC-inOIRECT) ;i-(W) 

(OST-IHDEXEP) ;n(RO) 
(DST-IN&EXEO-IWOIRECT) . ;ltt(RO) 

(EMO-OISfATCH) 



Note that the use in I-MEM of the opcode DISPATGHGALL-XCT^NEXT is purely for 
cosmetic purposes, to indicate that the P bit but not the N bit is a constant in all of the 
dispatch table entries; it is otherwise identical to the DISPATCH op<^e 

Standard Operation Cades 

CONSLP supplies a large number of initial symbols for various operations, 
particularly for the various conditional jumps. While it is possible to define different 
ones, use of these standard ones is naturally encouraged. (These symbols are defined in 
the file LISPM; CONSYM >.) 



ALU Operations 

The standard ALU operations supplied by CONSLP are: 

Boolean 

SETCn set tp coopleiiient of H 

^''^8 AND together complenients of both H and A 

ANDCH AND coiipleBient of H with A 

SETZ set to zeros 

°'^CB OR together coDplements of both H and A 

SETCA set to conpleoent of A 

XOR XOR (exclusive OR) H and A 

ANDCA AND H with cospleaent of A 

ORCH OR coBploMnt of H with A 
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EQV EQV n and A (crapleMRt of XOR) 

SETA s«t to A 

AND AND together K and A 

SETO set to ones 

ORCA OR H with coBpleaent of A 

lOR (mn and A (inclusive OR) 

SETH set to H 

Arithaetic 

ADD n plus A (two's coDpleBent addition) 

SUB n minus A (two's coDplement sitbtraction) 

n4*N R plus R (two's coBplement addition) 

R+R+1 R plus R plus i 

H*A4-l R plus A plus 1 

H-A-1 H minus A minus I 

H+1 R plus 1 

Conditional Arithmetic 
HULTIPLY-STEP 
DIVIDE-FIRST-STEP 
DIVIDE-STEP 
DIVIDE-LAST-STEP 
DIVIDE-REHAINDER-CORRECTION-STEP 

The conditional ALU operations for muttiptication and division are exptained in detailin 
a later section. 

The output bus selector field defaults to 1 (output bus gets ALU output). The 
other two choices must be specified explicitly: 

OUTPUT-SELECTOR-RIGMTSHIFT- 1 
OUTPUT-SEiECTOR-LEFTSHIFT-1 

The Q control field of an ALU instruction may be specified by using one of 
these symbols: 

SHIFT-Q-LEFT shift Q left (shifts inverse of ALU<31> into Q<0>) 
SHIFT-Q-RIGHT shift Q right (shifts ALU<0> into Q<31>) 
LOAD-Q load Q from output bus 

If none of these is present, the default is to do nothing to Q. (Instead of writing LOAD- 
0, one may write Q-R in the destination portion of the instruction. This does not mean 
that Q is a functional destination; it merely forces the operation to be ALU» and forces 
the control field to be LOAD-Q) 

The carry field may be specified by ALU-CARRYINZERO or ALU-CARRY- 
IN-ONE. Note that the SUB. M+M+1. M+A+l, and M+l operations have ALU-CARRY- 
IN-ONE as part of their def imtions, so it is not necessary to specify it explicitly. 
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BYTE operations 

If a byte specifier is present in an instruction and the op-code is not explicitly 
forced to be JUMP or DISPATCH, then the op-code is BYTE by default, performing a 
"load byte" type of operation. 

To get a "deposit byte" type operation, the symbol DPB is used; similarly, to get 
a "selective deposit", SELECTIVE-DEPOSIT is used. For example: 

((A-FOO) DPB H-BAR (BYTE-FIELD 3 6) A-FOO) 

;» true PDP-10 style DPB; the low octal 
; digit of H-BAR replaces the third lowest 
; octal digit of A-FOO. 

((A-ZAP) DPB H-BAR (BYTE-FIELD 3 6) A-FOO) 

; similar, but the result Is placed In 
: A-ZAP. A-FOO Is not altered. 

((A-ZAP) SELECTIVE-DEPOSIT H-FOO (BYTE-FIELD 16. 8) (A-GOHSTAI«T -1)) 
;A-ZAP gets a copy of M-FOO with the high eight 
; bits and the low eight bits replaced with all onti 
; (alternatively, It gets a copy of the -1 
; with the middle 16. bits rep^laced with 
; the corresponding bits from M-FOO) 



DISPATCH Operations 

Four op-codes are defined in CONSLP for dispatching: 

DISPATCH 
DISPATCH-CALL 
DISPATCH-XCT-NEXT 
DISPATGH-CALL-XCT-NEXT 

These are provided purely for cosmetic purposes, since the actual dispatch action is 
controlled by the dispatch table. CONSLP makes no attempt to check that the "correct 
op-code is used with a given dispatch table. By convention, the XCT-NEXT versions are 
used iff the instruction following the dispatch instruction will be executed (N bit not set)/ 
and the CALL versions are used if the P bit is set. 

To specify the value of the 10-bit "immediate argument" which is loaded into 
the DISPATCH CONSTANT regkter, one may use 

. n-AR6 <express1on>) ;1fnned1ate argument 
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iq the dispatch instruction. 



There is a special pseudo-op to facilitate use of the DISPATCH CONSTANT to 
pass a small, constant number as an argument to a subroutine. The form 

((ARG-CAU FOO) (I-ARG BAR)) 

generate? a DISPATCH instruction to a one-word table containing a CALL-type transfer 
to FOO, and puts BAR in the dispatch constant field of the dispatch instruction. FOO 
may then use the READ-I-ARG functional source to pick up and act on the argument. 

Miscellaneous Function 2 (write into the dispatch memory) is specified by the 
symbol WRITE-DISPATCH-RAM. 



JUMP Operations 

CONSLP defines a large number of names for the various JUMP operations. 
These are all built out of a logical progression of pieces: 

<type> <condition> <xct next) 

The <type> may be either JUMP, CALL, or POPJ. meaning that no bits, the P bit, or the 
R bit is set. The <condition> may be one of the following: 

IF-BIT-SET 

IF-BIT-CLEAR 

EQUAL 

NOT-EQUAL 

LESS-THAN 

GREATER-THAN 

GREATER-OR-EQUAL 

LESS-OR- EQUAL 

IF-PAGE-FAULT 

IF-NO-PAGE-FAULT 

IF-PAGE-FAULT-OR- INTERRUPT 

IF-NO-PAGE-FAULT-OR- INTERRUPT 

IF-PAGE-FAULT-OR- INTERRUPT-0R-5EQUENCE-BREAK 

IF-NO-PAGE-FAULT-OR-INTERRUPT-OR-SEQUENCE-BREAK 

If omitted, the <condition> is assumed to be "always". The <xct next>, if present, is 
XCT-NEXT; its absence denotes the presence of the N bit, which inhibits the instruction 
after the jump if the jump is successful The three parts are connected by "-". 
Examples of these operations: 

• CALL-LESS-THAN 



70 



The CADR Microprocessor 



JUMP-LESS-THAN-XCT-NEXT 

CALL 

POPJ-IF-BIT-SET 

CALL- IF-PAGE-FAULT-OR- INTERRUPT 

CALL-IF-BIT-CLEAR-XCT-NEXT 

JUHP-XCT-NEXT 

POPJ-XCT-NEXT 

The POPJ-XCT-NEXT operation is not to be confused with POPJ- AFTER-NEXT, which 
may be used in any instruction to set the POPJ bit. 

Jump instructions which perform an arithmetic comparison should have both an 
A and an M source; the sources are compared. Jump instructions which test a bit should 
have an M source and a byte specifier for a 1-bit byte to test. 



Functional Sources 





1 



14 



2 

3 

5 

25 

24 

6 

7 

10 

11 

12 

13 



The following names are supplied by CONSLP for the various functional sources: 



READ-I-ARG 

I1ICR0-5TACK-PNTR-AND-DATA 

HICRO-STACK-POINTER 

J1ICR0-STACK-DATA 

mCRO-STACK-PNTR-AND-DATA-POP 

HICRO-STACK-POINTER-POP 

niCRO-STACK-DATA-POP 

PDL-BUFFER-POINTER 

PDL-BUFFER- INDEX 

C-PDL-BUFFER- INDEX 

C-PDL-BUFFER-POINTER 

C-PDL-BUFFER-POINTER-POP 

OPC-REGISTER 

Q-R 

VMA 

HEHpRY-HAP-DATA 

HEHORY-DATA 

LOCATION-COUNTER 



The dispatch constant 

5PCPTR and 5PC contents 

Byte specifier for bits <28-24> 

Byte specifier for bits <18-0> 

Like 1, but pops SPC stack 

Like 1, but pops SPC stack 

Like 1, but pops SPC stack 

PDL-pointer register 

PDL-index register 

PDL-buffer addressed by index 

PDL-buffer addressed by pointer 

PDL-buffer addressed by pointer, pop 

The OPCs 

Q register 

VMA register 

MAPEHD] 

no 

LC 
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Functional Destinations 

The following names are provided by CONSLP for functional destinations. Note 
that some of them are the same names used for sources; CONSLP distinguishes usage by 
context. 



1 LOCATION-COUNTER 

2 INTERRUPT-CONTROL 

10 C-PDL-BUFFER-POINTER 

11 C-PDL-BUFFER-PO INTER-PUSH 

12 C-PDL-BUFFER- INDEX 

13 PDL-BUFFER- INDEX 

14 POL-BUFFER-POINTER 

15 MICRO-STACK-DATA-PUSH 

16 OA-REG-LOW 

17 OA-REG-HI 

20 VMA 

21 VHA-START-READ 

22 VMA-START-WRITE 

23 VNA-WRITE-NAP 

30 MEMORY -DATA 

31 MEMORY-DATA-START-READ 

32 MEMORY -DATA- START- WRITE 

33 MEMORY-DATA-VRITE-MAP 



LC 

Interrupt Control Register 

Pdl location addressed by PDL POINTER 

Push data onto pdl, Increment PDL POINTER 

Pdl location addressed by PDL INDEX 

PDL INDEX register 

PDL POINTER register 

Push data onto SPC stack 

Next instruction modify, bits <25-0> 

Next instruction modify, hits <47-26> 

VMA register 

VMA, initiate read cycle 

VMA, initiate write cycle 

VMA, MAP[MD] 4- VMA 

MD register 

MD, initiate read cycle 

MD, initiate write cycle 

MD, MAPCMD] ♦- VMA 



The symbol QK may also be used as a destination; it causes an ALU instruction 
to have its Q control field to be set to "load Q from ALU output"; this is equivalent to 
specifying LOAD-Q in the instruction. Do not use the output bus shifter in conn^tion 
with 0-R as a destination! 



Operatians Common to All Instructions 

The symbol for the POPJ bit is POPJ-AFTER-NEXT. 
Miscellaneous Function 3 is denoted by LOW-PC«BIT-SELECTS^HALF^WD. 
(This feature is described in greater detail in an earlier and a later section.) 



Expression Programs In CONSLP 

Wherever an expression may be used in CONSLP. the following arcane forms 
may be used. In particular, the value of a symbol is normally an expression instead of a 
simple number. Whenever an expression (or a symbol with an expression as its definition) 
is encountered, it is evaluated according to the following rules: 



<number> 



Evaluates to itself. 



72 The CADR Microprocessor 



(PLUS <expl> <exp2>) Adds together the two expressions, and combines their 

properties (such as byte-specifier-ness). 

(DESTINATION-P <e%p>) A conditional: if encountered while assembling a 

destination, returns the value df <exp>, and otherwise 
NIL. 

(SOURCE-P <exp>) A conditional: if encountered while assembling a source 

(M or A), returns the value of <exp>, and otherwise 
NIL. 

(DISPATCH-INSTRUCTION-P <exp>) A conditional: if encountered while assemWing a 

DISPATCH instruction, returns the value of <exp>, 
and otherwise NIL. 

(JUMP-INSTRUGTION-P <exp>) • A conditional: if encountered while assembling a 

JUMP instruction, returns the value of <exp>. and 
otherwise NIL. 

(ALU-INSTRUCTION-P <exp>) A conditional: if encountered while assembling an 

ALU instruction, returns the value of <exp>, and 
otherwise NIL. 

(BYTE-INSTRUCTION-P <exp>) A conditional: if encountered while assembling a 

BYTE instruction, returns the value of <exp>, and 
otherwise NIL. 

(NOT <conditional>) Negation. <conditional> must be one of the above 

conditionsl forms. 

(OR <condl> ... <condn>) Like a LISP OR. returns the first non-NIL conditional. 

(BYTE-FIELD <size> <pos>) As described earlier, defines a byte with the given size 

and position from the right. 

(LISP-BYTE <ppss>) As described earlier; if ppss is written in octal, then this is 

like (BYTE-FIELD ss pp). If <ppss> is not a 
number, then it is a LISP expression (not a CONSLP 
expression!), and is evaluated in LISP. 

(BYTE-MASK <byte specif ier>) Value is a word which is zero everywhere except for 

being all ones in the specified byte. This is a kind of 
conditional, in that it returns NIL if the byte 
specifier doesn't really specify a byte. 
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(BYTE-VALUE <byte specifier> <value>) Value is a word which is zero everywhere, 

except that it contains <value> in the specified byte. 
This is a kind of conditional, in that it returns NIL if 
the byte specifier doesn't really specify a byte. 



(OA-HIGH-CONTEXT <word>) 



(OA-LOW-CONTEXT <word>) 



(FORCE-DISPATCH <exp>) 



(FORCE- JUMP <exp>) 



(FORCEALU <exp>) 



(FORCE-BYTE <exp>) 



Assembles <word> as an instruction, and returns 
the high half (bits <47-26>). as if for use by the OA 
register feature (next instruction modify, functional 
destination 17). 

Assembles <word> as an instruction, and returns 
the low half (bits <25-0>). as if for use by the OA 
register feature (next instruction modify, functional 
destination 16). 

Returns value of <exp>. but also forces the 
instruction to be a DISPATCH instruction. A 
conflict causes an error. 

Returns value of <exp>, but also forces the instruction 
to be a JUMP instruction. 

Returns value of <exp>, but also forces the instruction 
to be an ALU instruction. 

Returns value of <exp>, but also forces the instruction 
to be a BYTE instruction. 



(FORCE-DISPATCH-OR-BYTE <exp>) Returns value of <exp>, but also forces the 

instruction to be a DISPATCH or BYTE instruction. 

(FORCE-ALU-OR-BYTE <exp>) Returns value of <exp>, but also forces the 

instruction to be an ALU or BYTE instruction. 



(I-MEM-LOC <tag>) 
(D-MEM-LDC <tag>) 
(A-MEM-LOC <tag>) 
(M-MEM-LOC <tag>) 



Returns the address represented by <tag> in locality I- 
MEM as a right-justified value. 

Returns the address represented by <tag> in locality D- 
MEM as a right-justified value. 

Returns the address represented by <tag> in locality A- 
MEM as a right-justified value. 

Returns the address represented by <tag> in locality M- 
MEM as a right-justified value. 
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(EVAL <lisp exp>) Returns the result of evaluating in LISP the S-expression 

<exp>. 

(FIELD <name> <value>) Makes a note that the field <nanie> has been specified, 

then multiplies together the values of <name> and 
<value>; if <name> has a LISP CONS-LAP- 
ADDITIVE-CONSTANT property, this is then added 
in. (This obscurity is the primitive from which all 
field specifications are made.) 

(ERROR) Error if this is assembled. Useful in conditionals. 

As examples of how conditionals might be used in expressions, consider these 
definitions (which are similar (but not identical) to the ones actually used in CONSLP): 

(ASSIGN O-R (OR (SOURCE-P (FIELD M-SOURCE 7)) 
(FORCE -ALU 3))) 

(ASSI6N ME WRY- DATA 

(OR ( SOURCE -P (FIELD H-SOURCE IZ)) 

(FIELD FUNCTIONAL-OESTIWATIOH 30))) 

(ASSIGN MEMORY-DATA-START-WRITE 
(OR ( SOURCE -P (ERROR)) 

(FIELD FUNCTIONAL-DESTINATION 32))) 



Miscellaneous Pseudo-Operations 

Several identical words may be assembled consecutively by saying: 

(REPEAT <count> <woPd>) 

The location counter within the current locality may be set by 

(LOC <v«lue>) ;tit$ It to <value> 

(MODULO <n>) ;adv«nces It to the next multiple of <n> 

If the MODULO operation is used in A-memory, wastage is avoided by filling in the 
slcipped-over locations with constants. 
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CADR Features and Programming Examples 

In this section the various features of the CADR machine are examined and 
discussed in detail. An attempt is made to give some feeling for how each feature fits 
into the overall structure of the machine, and the purposes for which the feature is 
intended. Short programming examples using each feature are presented. 



Timing -The N Bit and the POPJ Bit 

Because CADR fetches the next instruction at the same time it is executing the 
current one. by the time the effect of a JUMP or DISPATCH is known the instruction 
following the JUMP or DISPATCH has already been fetched. Unless suppressed by the 
N bit. this instruction is executed before the instruction branched to. the effect of this 
on programming is that one should "code the branch one instruction sooner". The 
mnemonics CONSLP provides for the various branching operations ndrmatly ^ the N bit, 
thus doing the straightforward thing at the cost of wasted cycles; one must append "• 
XCT-NEXT" to the mnemonic to clear the N bit and so bum the code. 

For example, consider these two pieces of code: 

((A-FOO) XOR H-BAR A-FOO) ;XOR M-BAR into A-FOO 

(JUMP-IF-BIT-S^T HUMBLE MUMBLIFY) ;bpafich on MUMBLE bit 

(JUMP- IF-BIT-SET-XCT-NEXT MUMBLE MUMBLIFY) ; branch on MUMBLE bit 

((A-FOO) XOR M-BAR A FOO) ;XOR M-BAR Into A-FOO 

These both perform an XOR and conditionally jump to MUMBLIFY, but the first one 
wastes a cycle if the JUMP is successful. Notice the convention of "exdenting" an 
instruction which is under the influence of an. XCT-NEXT to make it more visible. 

If a CALL transfer type is executed, the return address saved on the SPC stack 
depends on the N bit: 

(CALL TME-SUBROUTIHE) ;ctn, N bit stt 

((A-FOO) XOR M-BAR A-FOO) ;ptturn hert ifter ctlT 

(CALL-XCT-NEXT THE -SUBROUTINE) ;cin, N bit cltiP 
((A-ARGUMEHT) ADD M-BAZ A-FOO) ;do thli before tnttrlng the lubroutlnt 
((A-FOO) XOR M-BAR A-FOO) .Ttturn here tftef cill 



If the N bit is set, PC+l is pushed on the SPC stack; otherwise 
PC+2 is pushed. 

The POPJ bit may be set in any instruction. 
It caus^ a RETURN transfer, but only after the next instruction has 
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also been executed: 

ADO -THREE -WORDS ;$ubrout1ne to add togethtr A-l, A-2. and A-3 

{(M-RESULT) A-1) 

(POPJ-AFTER-NEXT (M-RESULT) ADO H-RESULT A-2) 
((M-RESULT) ADD H-RESULT A:3) 

Again, the idea is to specify the desired control "one instruction early". 
Consider the following program: 

START (JUHP-XCT-NEXT FOO) 

(JUMP-XCT-NEXT BAR) 

FOO (JUHP-XCT-NEXT FOO) 

BAR (JUMP-XCT-ftEXT BAR) 

When started at START, it will go into an infinite loop alternately executing FCK) and 
BAR. Effectively it is in two "jump point" loops at the same time! 

Byte Manipulation 

By using M location 2 (by convention a source of zeros) with a BYTE 
instruction, one can clear any bit or field of bits in any A memory location: 

((A-FOO) DPB H-ZERO A-FOO (BYTE-FIELO I 31.)) ;cUar sign bit 

It is often convenient to reserve another M memory location to contain -1 (all ones), in 
order to be able to set bits easily: 

((A-FOO) DPB H-ONES A-FOO (BYTE-FIELD 1 31.)) ;iet sign bit 

In a similar manner one can write a routine to extend a signed 24-bit number to 32 bits: 

SIGN-EXTEHD ;extend 24.b1t number In H-MUH 

(POPJ-AFTER-HEXT POPJ-IF-BIT-CLEAR H-HUM (BYTE-FIEtD 1 23.)) 
((M-HUM) SElECTIVE-DEPOSn H-NUM (BYTE-FIELO 24. 0) (A-CONSTANT -1)) 

Another way to do this, which doesn*t require the use of POPJ. is to use OA modification 
to select whether the M source is M-ZERO or M-ONES: 

((OA-REG-HI) (BYTE-FIELD 1 ^3.) K-NUH) ;1ow H-sourct bit gats sign 

((H-NUH) SELECTIVE-DEPOSIT H-ZERO (BYTE-FIELO 6 24.) A-HUH) 
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This requires that M-ZERO and M-ONES be an even/odd pair. 

Normally bytes can only be loaded from an M source. However, it is possible to 
load a byte from A-memory. provided that it is at one end of the word, by the following 
trick: 

(OEF -DATA-FIELD X-FIEIO 6 0) 

(OEF -DATA-FIELD ALL-BUT-X-FIELO 32 6) 

((DEST) SELECTIVE -DEPOSIT M-ZERO ALL-BOT-X-FIELO A-FOO) 



The Instruction Stream 

«Some new stuff should be written for this» 

The SPC Stack 

The SPC stack is 32 locations long, each location containing 19 bits (plus parity). 
It is indexed by SPCPTR. a 5-bit up/down counter. It is used primarily as a microcode 
subroutine return stack, but be$ides the 14 bits needed to save a microcode PC there are 5 
bits for software use. one of which is the bit used for the macroinstruction pair fetch 
feature mentioned above. 



SPC Stack Location 
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1 


5 
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Software bits ' | 

I 
Saved return address — — • 



There are two ways in which to write into the SPC stack memory; both of them 
also increment SPCPTR, thus causing a push operation. A JUMP or DISPATCH 
performing a CALL transfer type (P bit set, R bit clear) causes a return address to be 
pushed on the stack as described earlier. The five software bits are set to zero. Writing 
into functional destination 15 (MICROSTACK-DATA-PUSH) pushes the low 19 bits of 
the output bus data onto the SPC stack. 

The SPC stack is read by a JUMP or DISPATCH performing a RETURN 
transfer type (R bit set. P bit clear); the low 14 bits popped off the stack are put in the 
PC. and the software bits are ignored, except for bit 14 which causes NEXT-INSTR. It 



78 The CADR Microprocessor 



can also be read as M functional sources 1 and 14. The first (MIGRO-STACK-PNTR- 
AND-DATA) merely reads the data (and SPCPTR) on the top of the stack, while the 
second (MICRO-STACK-PNTR-AND-DATA-POP) pops the stack after reading the data. 

There is no way to explicitly set the contents of SPCPTR. However/a good 
trick is to use the following loop: 

FCX) ((M-TEMP) mCRO-STACK-POIHTER-POP) ;gtt juit SPCPTR 

(JUHP.IF.E<?OAL H-TEMP A-ZERO FOO) 

A better trick is to use the following loop, which not only is shorter, but is recursive 
rather than iterative, and has the important advantage of being more obscure: 

FOO (CALL-NQT-EQUAl MICRO-STACK-PIITR.AND-OATA 

(A-CONSTAKT (PLUS 1 (I-HEH-LOC FOO))) FOO) 

This is a good thing to do on initialization so that the stack will begin in a known place, 
thus aiding debugging via the diagnostic interface. 

There is no provision for detection of SPC stack overflow or underflow. It is the 
responsibility of the programmer to avoid nesting subroutines to a depth greater than 32. 



The PDL BUFFER Memory 

The PDL BUFFER is intended to be used as a special-purpose cache in the Lisp 
machine to contain the top portion of the Lisp pushdown stack. It has 1024 locations of 
32 bits, and can be indexed by either the PDL POINTER or the PDL INDEX. PDL 
POINTER is a 10-bit up/down counter, while PDL INDEX is simply a 10-bit register. 

The PDL BUFFER is manipulated through various functional sources and 
functional destinations. The PDL POINTER and PDL INDEX registers may be read and 
written. (On CONS, these could only be read together, but on CADR they are read 
separately to facilitate doing arithmetic with them without the need to extract a byte 
first.) The contents of the PDL BUFFER location addressed by the contents of PDL 
INDEX may be read and written. The contents of the location addressed by the contents 
of PDL POINTER may also be read and written, and in this case the PUSH and POP 
operations may optionally be done by incrementing or decrementing the PDL POINTER. 
The pointer decrements after reading and increments before writing, so it always points to 
the topmost valid location. 

It doesn't work to specify both C-PDL-BUFFER-POINTER.PUSH and C-PDL- 
BUFFER-POINTER-POP in the same instruction. On the other hand, the same effect can 
always be achieved simply by using C-PDL-BUFFER-POINTER for both source and 
destination instead. 

There is no provision for automatic overflow or underflow detection on pushes 
and pops of the PDL BUFFER. In the Lisp machine, the PDL POINTER is checked on 
entry to every function, and at a few other necessary places. If there is insufficient room 
left within the PDL BUFFER for a maximum size frame, some of the PDL BUFFER is 
stored into main memory to make room. If there is also insufficient space left within the 
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virtual memory allocated to the PDL. a PDL-OVERFLOW error is signalled. Sitnilarly, 
the function exit code decides whether to pull some stack back in from main memory. 
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The clock can be stopped at the end oT either phase, for 
several reasons. Usually the clock stops at the end of the read phase, 
reTerrcd to as "wait". This leaves the clock in the inactive high 
slate, and leaves the latches on the memories open. The clock can wait 
because the machine was commanded Lc halt by the diagnostic interface, 
because a single-step commanded by the diagnostic int^erface has 
completed, because of an error siich as a parity error, because of the 
statistics counter overflowing, or because of a memory-wait 
condition Ibis latter condition happens if a main memory cycle is 
initiatod while a previous cycle is still in progress, or if the 
pronf'ein calls for the result o^ a main memory read before the 
bus controller has granted the bus access needed to perform that read cycle. 
During a clock wait, the processor clock stops, but the 
cJuck to the rest oi Llie system (the bus interface and XBUS devices), 
continues to rur, allowing them to operate. When the processor 
finishes waiting the processor clock starts up in synchrony with the external 
clock. 

The clock can also stop at the end of the write phase, referred 
to as "hant;' . This is used only during memory reads. If the processor 
calls for the result of a read which is in progress but has not yet 
corapleLf:d, it hangs until the data has arrived from memory and 
EufFicient time has passed for the (iata to flow through the data paths 
ar.d appear on the output bus. This is also sufficient time for the 
parity of the data to be chocked. Tn the case of a hang, both clocks 
stop, which allows them to restart synchronously without any extra 
delay, in this way, the speed of the processor is adjusted to exactly 
match the speed of the memory. 

i;4The Bus InterfacetG 

The Bus Interface connects the CAOR machine to two busses, 
the Unibus and the Xbus. The Unibns is a regular pdpll bus, used to • 

attach peripheral devices, especially commercial devices designed for 
th«i ^'DHM line. Ihu Xbus is a 3?-bit Dus used to attach memory and 
h igh-per fonriance peripheral devices, such as disk. The bus interface also 
includes the diagnostic interface, which allows a unibus operator, 
such as a pdplO, a ptiptl, or anotiior lisp machine, to control the 
opnrntion of the m2ci> inc. hardware to pass interrupts 

fron> ti*e Unibus ar.d the Xbus to the processor, the logic which arbitrates 
tne Xbus, and the logic which arbitrates the Unibus in the absence 
of a pdpll on that bus. 

Iht," Bus Interface allows the GADR machine to access memory 
on the Xbus and devices on the Unibus, allows independent devices on the 
Xbus t'! access the Xbus (only), and allows Unibus devices to access Xbus nieraory 
(through e map since i.hc Unibus address space is not big enough.) 
Buffering is f)rovided when the Unibus accesses the Xbus, 
to convert a 32-bit word into a pair of 16-bit words, 

«Mare to cofne>> 

Cover how to prcgraiii the various froUs from the Unibus, 
initialization, map structure. 
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£4The XbuscO 

The Xbus is the standard 32 bit wide data bus for the CADR processor. Main 
memory and high speed peripherals such as the disk control and TV 
display are interfaced to the Xbus. Control of the Xbus is similar to the 
Unibus. in that transfers are positively timed and (as far as the devices are concerned) 
asynchronous. The bus is terminated at both ends with resistive pullups of 390 ohms to 
ground and 180 ohms to +5 volts, for an effective 123 ohm termination to +3.42 volts. 
At ground, each termination draws 28 ma. for a total load of 56 ma. The bus is open 
collector, and may be driven with any device capable of handling the 56 ma. load. The 
recommended driver is the AMD 26S10, which also provides bus receivers. 

A typical read cycle begins with placing the address for the transfer on the 
-XADDH lines and the parity of the address on the -XBUS. ADDRPAR Tine. The -XBUS.RQ 
line is then lowered, initiating the request. The responding device places the requested 
data on the 32 -XBUS lines and the parity of the data on the -XBUS. PAR line. Should It 
not be convenient for the device to produce parity {as in the case of I/O registers), the 
device may assert -XBUS.IGNPAR to notify the bus master that the transfer should not 
be checked for correct parity. The responding device then asserts -XBUS.ACK, which remains 
asserted until the -XBUS.RQ signal is removed" by the master. 

Write requests proceed identically, except that the master asserts -XBUS.WR and 
the data to be written on the -XBUS lines along with the address lines. All bus masters 
are required to produce good parity data on writes. 

Deskewing delays are the responsibility of the bus master. In particular. It 
is the responsibility of the bus master to assert good address, write, and data lines 
80 ns. prior to asserting -XBUS.RQ. and these lines must be held until the -XBUS.ACK 
signal drops in response to the master dropping -XBUS.RQ. Responding devices are 
allowed to assert -XBUS.ACK at the same time they drive read data onto the -XBUS lines. 
Thus, masters should delay .'>0 ns. after receiving -XBUS.ACK before dropping -XBUS.RQ 
and strobing the data. Responding devices are required to drop -XBUS.ACK tBMnodiately 
after -XBUS.RQ is no longer assorted. 

Normal bus master arbitration between the CADR processor and the Unibus 
requests is handled by the bus interface. Devices on the Xbus which must become 
bus master, such as the disk control, do so by asserting the -XBUS.EXIRQ signal. 
When the bus becomes free, the bus interface responds by asserting -XBUS. EX f GRANT. 
This signal is daisy chained between bus master device's on the Xbus, coming in on the 
-XBUS.EXfGRANT.IN pin and leaving on the -XBUS .EXIGRANT.OUF pin. Within each device, 
the decision is made whether or not to pass the grant onto the next device. Unlike the 
Unibus structure, the decision on whether to pass grant and the act of becoming 
bus master happen synchronously with a master clock signal distributed on the -XBUS. SYNC 
1 ine . 

When a device initiates a request, it immediately asserts -XBUS.EXIRQ. At the 
falling edge of -XBUS. SYNC it clocks the request signal into a D flip flop which we will 
call RhQ.SYWC. When -XBUS. EXIGRANf . IN goes low. the device asserts -XBUS. EXTGRANT. OUT 
unless it has either the REQ.SYNC flip flop set, or is already the bus master. At 
the next falling edge of -XBUS. SYNC the device which has both -XBUS.EXTGRANf. IN and 
REQ.SYNC set becomes bus master. The device should immediately assert -XBUS. BUSY and 
may immediately begin asserting address lines for a transfer. -XBUS. BUSY may be dropped 
asynchronously, after the slave device drops -XBUS.ACK in response to the master's request. 

The -XBUS.EXTGRANl .IN signal must be terminated with a resistive pul lup of 180 ohms 
to +5 volts within each device which does not simply connect it to -XfiUS.EXTGRANT.OUT. 



Signal review: 

data lines: 

-XBUSO through -XBUS31 

-XBUS. PAR 

-XBUS.IGNPAR 

address lines: 

-XADDRO through -XADDRZl 

-XADDR.PAR 

cycle control lines: 

-XBUS.RQ 

-XBUS.ACK 

-XBUS.WR 

mastership control lines: 

-XBUS. BUSY 



-XBUS.EXIRQ 



-XBUS.EXT6RANT.IN 
-XBUS.EXTGRANf.OUI 



Miscel laneous: 
-XBUS.INIl 



-XBUS. IN I R 



32 data lines, low when data is a one 

parity of the 32 data lines. Required for writes 

ignore parity signal, may be asserted by any 
device for a read 



22 address lines, low for address bit a one 
«this needs to be decided... 'is this requ1red?» 



Assorted by the master to request a read or write 
Minimum of 80 ns following stable -XADDR, -XBUS. WRITE 
and -XBUS data 

Asserted by the slave in response to -XBUS.RQ 

No delay necessary following assertion of good read data 

Asserted by the roaster during a write cycle. 



Asserted when a device other than the bus interface 
is bus master. Only the bus interface examines this line. 
Asserted on a -XBUS. SYNC clock edge, dropped asynchronously 
after -XBUS.ACK drops 

Asserted when a device other than the bus Interface 
wishes to become bus roaster. 

Asserted asynchronously, may be removed asynchronously 
after the device becomes master, but before dropping 
-XBUS. BUSY 

The daisy-chained mastership grant signal. Must be pulled 

up with 180 ohms to VCC in the device. 

Asserted initially by the bus interface, synchronously 

with the -XBUS. SYNC edge. Ihe signal may be subject 

to synchronizer lossaqo, since it is a clocked 

version of -XBUS.EXIRQ which is not synchronous with 

-XBUS. SYNC 



When low. resets all devices. This is Tow during power 
on and off, and when the machine is reset. 

Syri( Iti on i/tit ion clock for mastership passing and other 
ilf.'s i riMf purpo'j«,'s . 

Devjtes Ijucoihu bus master synttironous with the edge of 
this signal. Ihe request will normally follow the 
edge by 80 ns. 

Driving this low requests an interrupt. 

All (It'vites ar ij required to initial i/c to a non- interrupt 

enable contMtion. and are re«juired to have interrupt 
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enable and disable bits which can selecttveTy enable 
interrupts from that device. The "requesting interrupt" 
state roust be readable In one of the device control 
register bits. 

XBUS» POWER o OK This line is HIGH when power is stable. It remains low 

for «xx» seconds after power comes on, and goes low 
«xx» seconds before power is turned off. 
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26510 
XD 


X 


F30 


26510 
XD 


X 


F29 




26510 
XD 


X 


F28 


1 26510 
XD 


X 


F27 


26510 
XA 


X 


F26 


26510 
XA 


X 


F26 


26510 
XA 


X 


F24 


26510 

XA 


X 


F23 


265 10 
XA 


X 


F22 


26S10 
XA 


X 


F21 


26510 
XD 


X 



F20 



26510 
XD 


X 


E30 


26S10 
XD 


x) 


E29 


26S10 
XD 


X 


E28 


26510 
XD 


X 


£27 


26510 
XA 


X 


E26 


26510 
XA 


X 


E26 


93548 
XAPAR 


X 


E24 


93548 
XAPAR 


X 


E23 


74L5244 
UBXA 


X 


E22 


7415244 
UBXA 


X 


E21 


74L5244 
UBXA 


X 



E20 



74L5244 
XBD 


X 


D30 


74LS244 
XBD 


X 


D29 


74L5244 
XBD 


X 


D28 


741S244 
XBD 


X 


D27 


29701 
RBUF 


X 


D26 


29701 
RBUF 


X 


D25 


29701 
RBUF 


X 


D24 


29701 
RBUF 


X 


D23 


7415244 
RBUF 


X 


D22 


74LS244 
RBUF 


X 


D21 


74586 
REQERR 

xxxx 



93548 
BUSPAR . 


X 


C30 


93548 
BUSPAR 


X 


C29 


93548 
BUSPAR 


X 


C28 


29701 
WBUF 


X 


C27 


29701 
WBUF 


X 


C26 


29701 
WBUF 


X 


e25 


29701 
WBUF 


X 


C24 


74LS244 
RBUF 


X 


C23 


74LS244 
RBUF 


X 


022 


74L5244 
BUSSEL 


X 


021 


74LS244 
BUSSEL 


X 



C20 



8304 
LMDATA 


X 


B30 


8304 
LMDATA 


x 


B29 


8304 
LMDATA 


X 


B28 


8304 
LMDATA 


X 


B27 


74LS244 
BUSSEL 


X 


B26 


74LS244 
BUSSEL 


X 


B25 


74LS244 
BUSSEL 


X 


B24 


7415244 
BUSSEL 


X 


B23 


8304 
DBGOUT 


X 


B22 


8304 
DBGOUT 


X 


B21 


74S00 
DATCTL 

xxxx 



B20 



SIP180/3 
LMDATA 

X 


A30 


SIP180/3 
LMDATA 

X 


A29 


5 IP 180/3 
LMDATA 

X 


A28 


74LS240 
LMADR 

X 


A27 


7415240 
IMADR 

X 


A26 


7415240 
IMADR 

X 


A25 


74LS240 
LMADR 

X 


A24 


74LS240 
LMADR 

X 


A23 


SIP180/3 
DBG IN 

X 


A22 


8304 
DIA6 

X 


A21 


8304 
DIA6 

X 
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DM8838 
UBD 


X 


F19 


DM8838 
UBD 


X 


F18 


DM8838 
UBD 


X 


F17 


DM8838 
UBD 


X 


F16 


DM8838 
UPRIOR 


X 


F15 


74S38 
UPRIOR 
1 xxoo 


F14 


74S38 
UPRIOR 

xxxx 


F13 


DM8838 
UbA 


X 


F12 


DM8838 
UBA 


X 


ni 


DM8838 
UBA 


X 


FIO 


DM8838 
UBA 


X 



F09 



74LS244 
UBD 


X 


E19 


74LS244 
UBD 


X 


E18 


74LS244 
UBMAP 


X 


E17 


74LS244 
UBMAP 


X 


E16 


29701 
UBMAP 


X 


E15 


29701 
UBMAP 


X 


E14 


29701 
UBMAP 


X 


E13 


29701 
U3MAP 


X 


E12 


74S258 
UBMAP 


X 


Ell 


74S258 
UBMAP 


X 


ElO 


74S08 
REQLM 

xxoo 



74LS244 
BUSSEL 



D19 



74LS240 
UBINTC 



D18 



74LS374 
UBINTC 



D17 



25LS2519 
UBINTC 



D16 



74LS74 
UBINTC 



D35 



74LS74 
UBINTC 



74LS74 
UBINTC 



743 133 
REQU 



74S04 I 
UBA 

xxxxxx I 



74S174 
UPRIOR 



DIO 



E09 



74S472 
UPRIOR 



D09 



74LS244 
BUSSEL 

X 


C19 


74S51 
DATCTL 


XX 


C18 


74S51 
DATCTL 


XX 


C17 


74LS244 
REOERR 

X 


C16 


74564 
DATCTL 


X 


C15 


74S51 
DATCTL 


XX 


C14 


74S10 
RQSYNC 


«XX 


C13 


74S260 
RQSYNC 


XX 


C12 


74S64 
REQLM 


X 


Cll 


74S64 
REQLM 


X 


CIO 


TDIOO 
REQLM 


X 



C09 



74S04 
DATCTL 

XXXXXX 


B19 


74S32 
DATCTL 

xxxx 


B18 


74S02 
DATCTL 

xxxx 


817 


74S08 
REQTIM 

xxxx 


B16 


8304 
REQERR 


X 


B16 


74S74 
RQSYNC 


XX 


B14 


74S04 
XA 

xxxxxx 


813 


74S02 
DBGOUT 

xxxx 


B12 


74S51 
REQLM 


XX 


Bll 


74S74 
REQUB 


XX 


BIO 


TD250 
REQUB 


X 



74LS374 
DBGIN 



74LS374 
DBGIN 



A18 



74S241 
DBGOUT 



25LS2519 
DBGIN 



74S139 
DBGIN 



74S10 
DBGIN 



A14 



74S04 
DBGIN 

XXXXXX 

~A13 ■ 



74S08 
DBGOUT 



74SOO 
DIA6 



All 



MTOIOO 
DBGOUT 



74S32 
DBGIN 



609 
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DM8838 
URA 



F08 



DM8838 
UfiMAST 



F07 



DM8838 
UPRIOR 



74 S 133 
UBCYC 



F05 



TD250 
UBCYC 



74S00 
REQU 



F03 



74S02 
REQU 



TDIOO 
REQU 



FOl 



74S133 
UBCYC 



74S139 
UBCYC 



74S260 
UBCYC 



74S04 
U8INTC 

xxxxxx 



74S32 
UBINTC 



74S138 
UBCYC 



7 4308 
UBINTC 



E02 



I 74S00 
UilMAST 
j xxxx 



25LS2519 
UPRIOR 



DOS 



25LS2519 
UPRIOR 



74S10 
UBMAST 



74S00 
UBINTC 



74S74 
UBMAST 



004 



74LS74 
REQU 



D03 



74tS74 
UBMAST 



D02 



MTDIOO 
UBMASI 



DOl 



74S04 
REQLM 



MTDIOO 
REQU 



74S51 
REQUB 



74S20 
REQU 



74S11 
DBG IN 



741S27 
UPRIOR 



COS 



741S74 
UBMAST 



C02 



74LS163 
UPRIOR 



COl 



74S74 
UBCYC 



B08 



74S04 
CLM 

xxxxxx 



TDIOO 
RQSYNC 



B06 



74S11 
RQSYNC 



74S241 
DBGOUT 



804 



I 74S04 
REQTIM 
I xxxxxx 

B03 



74 276 
REQERR 



74LS273 
REQTIM 



801 



74S175 
RQSYNC 


X 


A08 


74S260 
RQSYNC 


XX 


A07 


74S175 
RQSYNC 


X 


A06 


74S02 
RQSYNC 

xxxx 


A05 


74S00 
REQU 

xxxx 


A04 


74LS112 
REQERR 


ox 


A03 


74S288 
REQTIM 


X 


A02 


74LS124 
REQTIM 


xo 
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LISPM Bus Interface 

••••••• EDGE CONNECTIONS 



CADRl: BUS I NT UML 25 -MAR- 81 0823 
Flags: (# Output, § Terminator, Dedicated gi'ound, ++++ Dedicated power) 

-B- -c- -D- 



••*•«•• 



Al -XBUS35 

A 2 +5 . OV+++++++++-M-+++++++ 


Al -XBUS5 , # Al UB NP6 IN if 
A2 +5 . OV+++-*-++-f+++++++++++ A2 +5 . 0V+++++++++++-»-++++4-f 


Al 


Bl -XBUS34 
B2 -5.0V 


Bl -XBUS4 # 
B2 -5.0V 


Bl UB NPG OUT a 
B2 -5,0V 


81 

B2 -5.0V 


CI -XBUS33 jCl -XBUS3 # Cl -XBUS RQ » 


Cl 






jDl -XBUS32 Dl -XBUS2 #|D1 -XBUS ACK # Dl 

|D2 -XBUS31 # D2 -XBUSl #|D2 -UBD15 H ^ D2 -UB BR7 H # 


(El -XBUS3G # El -XBUSO # El -XBUS WR # 
|E2 -XBUS29 # E2 -XBUS PAR # E2 -UBD14 H # 


El 1 
E2 -UB BR6 H »\ 


IFl GND 

|F2 -XBUS28 # 


Fl GND Fl GND 

F2 -XADDfl PAR # F2 -UBD13 H if 


Fl GND i 
F2 -UB BR5 H #| 


HI -XBUS27 - ff HI -XADDR21 # HI -UBDll H if HI 

HZ -XBUS26 # H2 -XADDR20 # H2 -UBD12 H # H2 -UB BR4 H # 


Jl -XBUS25 # Jl -XADDRIQ # 
J2 -XBUS24 # J2 -XADDR18 if 


Jl -XBUS IGNPAR Jl 
J2 -UBOIO H # J2 


Kl -XBUS23 # 
K2 -XBUS22 # 


Kl -XADDR17 ff 
K2 -XAD0R16 if 


Kl -XBUS INIT if 
K2 -UBD9 H if 


Kl 

K2 UB BG7 IN # 


11 -XBUS21 # LI -XADDR15 #IL1 -XBUS EXTRQ # 
L2 -XBUS20 # L2 -XADDR14 #|l2 -UBD8 H # 


LI -UB INIT H 
L2 UB BG7 IN 


Ml -XBUS 19 # 
M2 -XBUS 18 # 


Ml -XADDR13 if 
M2 -XADDR12 # 


Ml -XBUS BUSY a 
M2 -UBD7 H a 


Ml 

M2 UB BG6 IN 


Nl GND 

N2 -XBUS17 tf 


Nl GND Nl GND INI GND 

N2 -XADDRll a N2 -UBD4 H #|N2 UB B66 IN * # 


jPl -XBUS16 #JP1 -XADDRIO ^f PI -XBUS SYNC if PI +12. OV 

|P2 -XBUS16 #|P2 -XADDR9 if P2 -UBD6 H P2 UB B65 IN # 


Rl -XBUS14 ff 
R2 -XBUS13 ^ 


Rl -XADDR8 if 
R2 -XAD0R7 # 


Rl -LM BOOT H Rl +12.0V 

R2 -UBDl H # R2 UB B65 IN # 


ISl -XBUS12 if 
|S2 -XBUSU if 


51 -XADDR6 # 

52 -XADDR5 # 


51 -XBUS INTR # SI +12. OV 

52 -UBDO H if $Z m B64 IN 


1 1 GND ■ — -" 

T2 -XBUSIO if 


Tl GND *-- — 

T2 -XADDR4 # 


Tl GND — — 

T2 -UB03 H # 


Tl GND — —-,-,*. 

T2 UB B64 IN 


m -XBUS9 # 
U2 -XBUS8 if 


Ul -XADDR3 - ff 
U2 -XAUDR2 if 


Ul -XBUS POWER RESET H # Ul 
U2 -UBD2 H W U2 


VI -XBUS7 ff 
V2 -XBUS6 # 


VI -XADDRl J? 
V2 -XADDRO a 


VI -XBUS EXT6RANT OUT # VI 
V2 -UBD6 H # V2 


• 
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LISPM Bus Interface 

•**•••* EDGE CONNECTIONS 



CADRl ;BUSINT UML 25-MAR-81 0823 
Flags: {# Output. § Tenainator, Dedicated ground, ++++ Dedicated power) 



•*•••«• 



-F- 



-J02- 



Al 

A2 +5 . 0V++++++++++++++++++ 


|A1 01 CLKO # 
|A2 +5 . 0V-H-++++++-M.+++-M.++4 02 -MEMRQ H 8 


01 
02 


IBl 

|B2 -5.0V 


Bl 

B2 -5.0V 


03 -LM ACK H # 

04 LMX GRANT # 


03 
04 


ICl -UB ADR12 H # 
|C2 6ND — 


ICl 

CO Clin--— -.--«•-.-.--.-=.-<--.---- 


05 LMUB GRANT #05 

06 XBUS REQUEST #06 




(Dl -UB ADR17 H #}01 -UB BBSY H #07 LMUB MASTER # 
|D2 -UB ADR15 H #|D2 08 CI OUT # 


07 
08 


El -UB MSYN H #JE1 109 XWR #09 
E2 -UB ADR16 H #|E2 | 10 -FREE H #10 


Fl -UB ADR2 H # 
F2 -UB CI H # 


Fl GND 
F2 


11 NXM TIMEOUT- #111 

12 -ANY PAR ERROR H #|l2 


HI -UB ADRl H # 
H2 -UB ADRO H # 


HI 
H2 


13 ANY GRANT DLYD # 

14 MSYN IN # 


IJ 


Jl -UB SSYN H # 
J2 -UB CO H 


Jl -UB NPR H # 15 MSYN OUT # 
J2 16 SSYN IN # 


15 
16 


Kl -UB ADR14 H # 
!C2 -UB ADR13 H # 


Kl 117 SSYN OUT # 
K2 |l8 UB REG CYC TO # 


17 j 

18 1 


LI -UB ADRll H # 
L2 


LI 
L2 


19 UBXRQ # 

20 UBX GRANT # 


19 
20 


Ml 
M2 


Ml -UB INTR H # 
M2 


21 -DEBUG IN REQ H 8 

22 DEBUG ACK # 


21 
22 


|N1 GND |N1 GNO 23 DBUB MASTER » 
\m -UB ADR8 H #|n2 24 NC # 


23 1 

24 1 


PI -UB ADRIO H # PI 25 NC #25 

P2 -UB ADR7 H # P2 26-— »»——«»—— 26 — — ^— — 


Rl -UB ADR9 H # 
R2 


Rl 
R2 


77 __— __w--— -«- --..r. 


11 ::::::::::::::::::::::: 1 








SI 
52 


31 
S2 


29 — — -^— ^.-. 


29 — — "'-' 






Tl GND ^^— 

T2 


Tl GND — — 

T2 -UB SACK H # 


31 — — — — — ^ 

%9 ----.—--.----•---— — ----- 


31 — — — — — ^— — 








jUl -UB ADR6 H # 
|U2 -UB ADR4 H # 


Ul 
U2 




33 --......--.-..-.—.. , 






VI -UB ADR5 H # 
V2 -UB ADR3 H # 


VI 

V2 LOCAL ENABLE 8 


35 — — ,— 35^ — ——*^——^ 






* 


37 -^ -.— — — 


37 — — * ._^. 


























41 -— - — — — — 41 _ -.-,. 

A9 -.----—--- — »— =.-0. — - — --- A9 ----------- -- — ^- — 






1 


«0 -» — »__«„_«.^«._„__fc'„'„_^„„ ""i 






IL-Z-i:.::::::::::::::::: 




1 


44 — ^— — »- ^ j 


44 ---.---•—-.-«----—.-,-— 


1 




46 ——.——— ^... 

4C --—,— «„--«^«,»„„«„, «._„„». 


45 — — ———.— ^ „: 














47 — — ^ — ^-^-^— _ — 


47 — — - — — — 














49 — — — -«^ — 


49 ^— — 
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LISPM Bus Interface 

••**•** EDGE COWNECTIONS 



CADRl ;BUSINT UML 25-MAR-81 0823 
Flags: (# Output, § Terminator, Dedicated ground. 



++++ Dedicated power) 
-J06- 



101 
02 



1 01 DBDO 
02 DBDl 



# 01 
If 02 



DBDO 
DBDl 



03 
04 


03 
04 


03 0BD2 n 

04 DBD3 « 


03 DB02 # 

04 DBD3 tt 



105 
06 



107 
08 



105 
06 



107 
08 



05 DBD4 

06 DBD5 



DBD4 
DBD5 



1 07 DBD6 
08 DBD7 



D6D6 
DB07 



09 
10 



)09 D&D8 
10 DBD9 



DBD8 
DB09 



1^^ 
12 



11 DBDIO 

12 DBDll 



H 11 
# 12 



DBDIO 
DBDll 



13 
14 


13 
14 


13 DBD12 # 

14 DBD13 # 


13 DBD12 if 

14 DBD13 # 



115 DBDl 4 
16 DBD16 



0BD14 
DBD15 



17 DEBUG IN AO 

18 DEBUG IN Al 



17 
© 18 



DEBUG OUT AO 
DEBUG OUT Al 



{ 19 DEBUG IN WR 

J2G -DEBUG IN REQ H 



DEBUG OUT WR 
-DEBUG OUT REQ M 



121 
22 



21 DEBUG IN ACK 

22 NC 



ff 21 
ff 22 



DEBUG OUT ACK 
NC 



[23 
24 



123 NC 
24 NC 



#123 
« 24 



NC 
NC 



125 NC 
26 



{26 



NC 



127 
28 



33 
34 



35 
36 



37 
38 



|39 
40 



31 — — — ,— 

32 — --— — 


31 - - — - 


31 .-.— - |3i -._..„._- 






32 - — ^-_-.-._----.. »-,-.«-. J32 _-----.«—----«-«_»»_._- 



33 
34 



35 
36 



37 
38 



[39 
40 



141 
42 



[43 
44 



145 
46 



147 
48 



49 
50 



133 
34 



35 
36 



137 
38 



{39 
40 



{41 
42 



43 
44 



45 
46 



47 
48 



49 
50 



AI: CADRl; BUS INT UML 
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LISPM Bus 



nterf ace 

EDGE CONNECTIONS 



CADRl jBUSlNT UML 25-MAR-81 0823 
Flags: (# Output, 8 Terminator, Dedicated ground, ++++ Dedicated power) •••***• 

-JOS- -J09- -JIO- 



01 SPYO M 

02 SPYl # 


01 GND . 01 -ADR15 H 

02 -MCLK7 H e|02 -ADR14 H 


01 
02 


03 SPY2 #103 GND 03 -ADR13 H 

04 SPY3 #|04 GND 04 -ADR 12 H 


03 
04 


05 SPY4 #05 SPY ADR 1 if 05 -ADRll H 05 

06 SPY5 n 06 SPY ADR 2 # 06 -ADRIO H 06 


07 SPY6 #107 SPY ADR 3 #07 -ADR9 H 
U8 SPY? #j08 SPY ADR 4 # 08 -ADR8 H 


07 
08 


09 SPY8 #09 -SPY READ H #109 -ADR7 H 09 

10 SPY9 # 10 -SPY WRITE H #| 10 -ADR6 H 10 


11 SPYIO # 11 -BUSINT LM RESET H #111 -ADR5 H 

12 SPYll # 12 -LM BOOT H |12 -ADR4 H 


11 
12 


113 SPY12 # 13 -LM UNTBUS RESET H 

|l4 SPY13 # 14 LM MEMDRIVE ENB # 


13 -ADR3 H jl3 

14 -ADR2 H |l4 


15 SPY14 # 

16 SPY 15 # 


15 -LM POWER RESET H 

16 NC # 


15 -ADRl H 

16 -ADRO H 


15 
16 


117 -LM GRANT H #fl7NC #17-MFMRQ H 8117 
|18 WRCYC e|l8 NC # 18 -LM ACK N #| 18 


19 LM INT # 

20 MEMPAR FROM LM % 


19 NC # 

20 NC # 


19 -LOADMD H # 

20 -LM IGNPAR H # 


19 
20 


21 -— ..>—_-> 


21 - — — — 


21 
22 


21 
22 




22 -—----.-— --»--~—----.- 






23 
24 


23 1 

24 • 1 




24 — 




j25 - — - 125- — 125 |25 | 




27 — ^- — 

90 «-.---.«-.=,«.»—»_»„__-.«_-«.„ 


27 -.-^.,„ ^ — . 


27 — — 27 








29 -. 

Oft ««.__._-.-,«««»„««.„„««.-«.-._- 


29 — — — ^-— -. 


29 ——.—». 


30 „.. 1 








31 - - 131 — - — 


31 — 31 — - — 1 






133 - 

1 a A .-- .^ — -.« - 


3j . > . 33 ^ .*.-. 


33- — - — — .- I 


1^4 




3* 1 


35 — -, ^„.._^ 

3g «.--.-__—.- — __._-__--_-.-, 


35 ^.-.^.-.*. 


35 -w— -— ^— . 


35 —•.——— 








3g »_«»»_«. — „,«-,_.«_..«. 


137 -— — 


37 , ^.-,.^ -.- 


37 - ^^.«— - 


37 — -..— .— 










139 — — . 


39 — ,— » ^,- -_. 




iS "'"■"°'"*'"* -' R? — — ™ - 


































44 ™ — 




















^Q „-._„_ — »„»«-.„.».»„*.._. ^ 


4g . — ^. .*- — 






































50 ---.«»«-«.-»-.-.-»-«-.«-<..— 



AI: CADRl; BUSINT UML 



3/25/81 08:22:36 



Page XI 



LISPM Bus Interface CADRl ;BUSINT UML 25-MAR-81 0823 

•*••••* EDGE CONNECTIONS Flags: {it Output, e Terminator, -— Dedicated ground, ++4-+ Dedicated power) ••••••• 

-Jll- -J12- 



01 MEM3I # 

02 MEM30 » 


01 MEMll » 

02 MEMIO » 


03 MEM29 # 

04 MEM28 it 


03 MEM9 » 

04 MEM8 » 


105 MEM27 it 05 MEM7 » 
|06 MEM26 # 06 MEM6 # 


07 MEM25 #107 MEM5 » 

08 MEM24 #108 MEM4 # 


09 MEM23 # 09 MEM3 # 

10 MEM22 # 10 MEM2 # 


111 MEM21 # 
|l2 MEM20 # 


11 MEMl # 

12 MEMO # 


13 MEM 19 # 

14 MEM 18 # 


13 MEMPAR TO LM # 

14 -ADRPAR H 


15 MEM17 it 

16 MEM16 it 


15 -ADR21 H 

16 -ADR20 H 


117 MEM15 it 
|l8 MEM14 it 


17 -ADR 19 H 

18 -ADR18 H 


19 MEM13 # 19 -ADR17 H 

20 MEM12 » 20 -ADR16 H 








21 1 




22 - — — 1 


23 — [23 - 1 


^4 — » - ^.. |24 ~ -„^»_-» j 














27 „..*- - .- |27 .— — -^ 1 


28 - - |28 - - j 








30 — - — — 










jj __„-,_. «_»»,^«»_«_.^ — -.-.- 




32 --••— '-• -----".-----°--— 


■ioq'" . »»_ «>-_._»-__„.» *. 






33 — . I 


34 ^. „ j 


35 135 ' - 1 




































, 







BUS 0- 
BUS 1- 
BUS 2- 
BUS 3- 
BUS 4- 
BUS 5- 
BUS 6- 
BUS 7- 
BUS 8- 
BUS 9- 
BUS 10- 
BUS 11- 



12 r»f 

PARITY 
93S48 



15: 
14: 
13: 
12: 
11: 



PE 10; 
PO 9: 



-BUS 0-11 PAR GOD 



BUS 12- 
BUS 13- 
BUS 14- 
BUS 15- 
BUS 16- 
BUS 17- 
BUS 18- 
BUS 19- 
BUS 20- 
BUS 21- 
BUS 22- 
BUS 23- 



12 IN 

PARITY 

93S48 



PE 10; 
TO 9: 



BUS 24 
BUS 25 
BUS 26 
BUS 27 
BUS 28 
BUS 29 
BUS 30 
BUS 31 
BUS 0-11 PAR 
BUS 12-23 PAR 

GND 
GND 



-BUS 12-23 PAR COD 



12 IN 

PARITY 

93S48 



PE 10; 
PO 9: 



-BUS PAR EVEN 
-BUS PAR ODD 



eso 



C29 



C28 



CBUS 



BUS PARITY 



10-DEC-1980 10:04 



AI:CADR1;BUSPAR 



74LS244 
rS BUS DVR 





UB32-»BUS L- 



-BUSIB 
-BUSU 
-BUS13 
-BUS12 



~BUS15 
-BUS14 
-BUS13 
--BUS12 



B26 



74LS244 
rS BUS DVF 




UB32-»BUS 1- 

GWD- 
GKD- 
GND- 
GWD- 

UBie^US L- 



19 -BENB 



-BUS31 
-BUS30 
-BUS29 
-BUS28 



-BUS31 
-BUS30 
-8US29 
-BUS28 



;4iS244 
rs BUS OVR 




WBUFll- 
WBUFIO- 
WBUF9- 
WBUF8- 



-BUSn 
-BUSIO 
-BUS9 
-BUSS 



UD17- 
UDI6- 
UDI5- 
UDI4- 



-BUSil 
-BUSIO 
-BUS9 
-BUSS 



VRJUF7- 
WBUF6- 
WBUF5- 
WBUF4- 



74LS244 
TS BUS DVR 



13 



19 -BENB 



74LS244 
rS BUS DVR 



-BUS7 
-BUS6 
-BUS5 
-BUS4 



UDI3- 
U0I2- 
UDIl- 
UDIO- 



-BUS6 
~BUS5 
-•BUS4 



WBUF3 - 
WBUF2- 
WBUFl- 
WBUFO- 



19 -BENB 



-BUS3 
-BUS2 
-BUS1 
-BUSO 



-BUS3 
-BUS2 
-BUSl 
-BUSO 



74LS244 
rs BUS DVrt 




GND- 
GND- 
GND~ 
GND- 



74LS244 
IS BUS DVR 



-BUS27 
-BUS26 
~BUS25 
-8US24 



U>17- 
UDI6- 
UDI5- 
UDI4- 



~BUS26 
-BUS25 



-Blfi24 



GND- 
GND- 
GNO- 
6ND- 



74LS244 
rS BUS DVR 



-BUS23 
~BUS22 
--BUS21 
-BUS2G 



UDI3- 
UDI2- 
UDIl- 
UDIO- 



-BUS23 
-BUS22 
-BUS21 
-BUS20 



GND- 
GKD- 
GND- 
GND- 



-BUS19 
-BUS18 
-BUSl? 
-BUS16 



-BUS19 
-BUS18 
-BUS17 
-BUS16 



C19 



CBUS 



BUS FROM UNI BUS 



10-DEC-1980 10:05 



AI:CADR1;BUSSEL 



vcc 




VCC 




VCC 




VCC 




VCC 




VCC 


± 


22UF 
15V 


± 


22UF 
15V 


± 


22UF 
15V 


± 


22UF 
15V 


± 


22UF 
15V 


J_ 




e30»l 


I 


cosai 




F3081 


I 


F23S1 


I 


F1591 


__ 



22UF 
15V 



F0791 



CBUS 



BYPASS CAPACITORS 



10-DEC-1980 10:06 



AI:CADR1;CAPS 



<LlEi>- 

<Jll-2> - 



<JTES>- 



<iIEZ>- 
<2IES>- 
<J T F W >- 



cn-io> - 



< Jii-n> - 



< v'11-l? >- 



<jn-i3> - 



<^u-H>- 



<IIEIS>- 






<-ll-T8> - 



<J11-19> - 
<IiE2fl>- 



-MEM25 



-MEMZ3 



-MEM22 



-MEM20 
~MEM19 



-MEM 18 



-MEM14 



<)lFT> - 

<no>- 
<nEi>- 

<3IIES>- 
< JTF7> - 



<khP1> - 



<iIEl>-- 
<3IE3S>- 

Ot?.-13> - 

<IiEIl>- 



<IS32>- 



-MEMO 
-MEMPAR TO LM 



-ADRPAR L 
~ADR21 L 
-ADR20 L 
-ADR19 L 
-ADR18 L 
-ADR17 L 
-ADRte L 



<1E1>- 
<J09- io> -- 



<1EI2>- 

OQ9-12> - 

<lEIa>- 

<}Q9-15> ~ 

<jQg-i6> " 






--ADR15 L 
-ADR14 L 
-ADR13 L 
~ADR12 L 
-ADRll L 
-ADR 10 L 
-ADR9 I 
-A0R8 L 
~ADR7 L 
-ADR6 L 
--ADR5 L 
~ADR4 L 
-ADR3 L 
--ADR2 L 
-ADRl L . 
-ADRO L 
-MEMRO L 
-I*! ACK L 
-LOADM) L 
-IM IGNPAR L 



SPYO- 

SPYl- 

SPYZ- 

SPY3- 

SPy4 - 

SPY5- 

SPY6 - 

SPY7- 

SPY8- 

SPY9 - 

SPYIO- 

SPYll- 

SPY12- 

SPY13- 

SPY14-" 

SPY15- 

LM GRANT L- 

WRCYC- 

LM INT- 

MEMPAR FROM Uf~ 



-<Mz}> 
-<m3> 

-<1E1> 

-<EEE> 
- <m=r> 



GND- 
MCLK7 L- 
GND- 
GND- 
SPY ADR 1- 
SPY ADR 2-- 
SPY ADR 3- 
SPY ADR 4- 
SPY READ L- 
SPY WRITE L- 
-< J07-11> BUSINT LM RESET L~ 
LM BOOT L- 



-< JQ?-9> 
- <ja7-lQ> 



- 007- 12> 

- <107-13> LM UNIBUS RESET L- 



- <J07-14> LM MEMDRIVE ENB- 
LM POWER RESET L- 
NC- 
NC- 
NC- 
NC- 
KC- 



-<lEil> 

- <3Q7-36> 

-<S332> 

- CJ07-18> 

-<SZ3[1> 

"-Qtt2-2fl> • 



-<JoFT> 



- <JoF4 > 

- O08-5> 



- 008- 1Q> 
- 008- 11> 



- <J08-12> 



- CJ08-l.')> 



- 008- 16> 
- O08-17> 



- O08-18> 

-<1EI2> 



CADR- BCPIWS 
to lAJl 



CADR; OCPINS 
to IBJi 



CADR; 8CPTNS 
to ICJl 



TO 3AJ1 
CADR: BCPINS 



TO 5AJ1 
CADR; MBCPTN 



WRCYC^"^ 
MCLK7 L^^^ 
MEMRQ L^^^ 
XBUS POWER RESET L^^^^ 
HI 15-3(jSUS^ 
HI 15-30^^^ 



330/470 OHM 
8 PTM SIP 
TERM 



A22§20 



MCLK7 L— ^>l*q74S04>2^^ 
"^807 



CLKO 



JM 




I74S04, 
B07 



CLK L 



CBUS 



CABLES TO PROCESSOR 



10-DEC-1980 10:04 



AI:CADR1;CLM 



<JW=V> -GLKO 

<)W=T> MEMRO L 

<J01-3> LMACK L 

<SE1>— tMX GRANF 

<it)l"5> - IMJB GRANT 

<M^ Xnus REQUEST 

<JQl-7> — LMUB MASTER 

<1E1> CI OUT 

<J0F9> - — XWR 

<J01-rQ> FREE L 

<)01-11> — WXM TIMEOUT 

<i01 -!?.> — —ANY PAR ERROR L 

< J01-13> ANV GRANT DLYD 

OOl-lO MSYN IN 

<J01-15> — MSYN OUT 

<SElS> ^SSYN IN 

001-17^ — SSYN OUT 

<MEM> UB REG CYC TO 

<SE1> UBXRQ 

<J01-20^ UBX GRANT 

< J01-?b ^DEBUG IN REQ L 

<jnr-??> --- DEBUG ACK 






-DBUB MASTER 



<MzM> -«c 



CBUS 



TEST POINTS 



8-SEP-1978 13:11 



AI:CADR1;CTP 



"<S> UBDO L 

<®> UBDl 1 

<S2> U8D2 L 

<II> UB03 L 

<12>— UBD4 L 

<CE2> UBD5 L 

<^g>— UBD6 L 

<@2> UBP7 L 

'<02> UBD8 L 

<K2> UBD9 i 

d> UBOIO L. 

•CBI> UBDll L 

-CH2> ~UBD12 L 

<07> UBD13 L 

<S>— — UBD14 L 
<E> UBD15 L 



^SD LOCAL ENABLE 

<gl> IM BOOT L 



4n> UB MSYII L 

43I> UB SSYN L 

<IS> — UB CO L 

<IE2> -UB CI L 



CBUS 



UNIBUSSPC CONNS 



<SZ> UB ADRO L 

<<IHi> UB ADRl L 

4H> — UB ADR2 L 

<|^>— UB ADR3 L 

< m> -UB ADR4 L 

<Eli> UB ADR5 L 

'^m> UB ADR6 L 

<IE> UB ADR7 L 

4M> UB ADR8 L 

•dD UB ADR9 L 

<IED UB ADR 10 L 

•Cn> UB ADRll L 

^£l>- UB ADR 12 L 

< £k7> -UB ADR13 L 

<gKT> UB ADR14 L 

^M> UB ADR 15 L 

^B> iM ADR16 L 

<M> UB ADR17 L 



'C5i> -UB NPG IN 

<£E]>- UB NPG OUT 

<M> UB BR7 L 

< BE?> UB BR6 L 

4ifT> UR BR5 L 

-@2> UB BR4 L 

<Si3> —UB INIT L 

-<SE2> UB 8G7 IN 

•<Q2> UB B67 IN; (OUT) 

<<®2> UB BG6 IN 

<®2> UB BG6 IN; (OUT) 

•<gE2> UB BG5 IN 

<gB2> UB BG5 IN; (OUT) 

<OSf> UB BG4 IN 

<OIE> ^UB B64 IN; (OUT) 

^D» UB BBSY L 

<I3I> UB NPR L 

•^D— ^UB INTR L 

^SD UB SACK L 



3-OCT-1978 07:16 



AI:CADR1;CUBUS 



THESE SIGNALS MUST BE 
JUMPERED OVER TO CORRESPOMDING 
XBUS RUNS 



'€fc2>- 



<g£D GND 

<3^rD GND 

-<MD GND 

< 3rrr> gwd 

GND 

GND 

GND 

GND 

-GNO 

GND 

-GND 
-GND 



<i3NT>- 
<£EI>- 



<I]>- 






<E>- 



<M>- 









-+12V 
-+12V 



— 5V 
— 5V 
— 5V 

< mr> 5v 

"CiD 5v 

<E1Z> 5v 



-+5V 
-+5V 



<il>- 






-GND 
-GND 



-GND 

EFl - not grounded 
for SPC wiring 

^W> ^GND 



<ai>- 



-GND 



-GND 
-GND 



—XBUS PAR 
— XBUSO 

XBUSl 

■( fiilD XBUS2 

•€n> X8US3 

<MD XBUS4 

< gyi> -XBUS5 

< g?g> XBUS6 

<S^T> XBUS7 

<S1> "-XBUS8 

<ffl> XBUS9 

<ffi> XBUSIO 

<^Z)> XBUSll 

<^I> —XBUS 12 

^R?> — -XBUS13 

•<ffi>- -XBUS14 

< SP2> XBUS15 

•< gpr> ^— XBUS16 

<SN2>- XBUS17 

<K>- XBUS18 

xgED ^XBUS19 

<®2> XBUS20 

<@J> XBUS21 

<gl2> XBUS22 

MT> XBUS23 

<EIE>— -" XBUS24 

-C3>- XBUSZ5 



XBUS26 

XBUS27 

<S^iy- ^XBUS28 

<E2> XBUS29 

<Ei> XBUS30 

<®2> — XBUS31 

•<Sin> —- XBUS32 

<ED XBUS33 

-•ffi) XBUS34 

-^Sl)- — XBUS35 



<g£2> XADDR PAR 

<5V2> -XADDRO 

<M> XADDRt 

<M> XADDR2 

<M> XADDR3 

<gT2>- XADDR4 

< SET> XADDR5 

<^£> XADDR6 

<MT> -XADDR7 

< 5rT> XADDR8 

<fiF2> XAD0R9 

<SEI>- XADDRIO 

■<®I> XAODRll 

<1I> XADDR12 

«@I> XADDR13 

•<iL2> XADDR14 

•CX> XADDR15 

■<gl2>— XADDR16 

< gKt> XADDR17 

<i3D -XADDR18 

"C3> XADDR19 

-<®> XADDR20 

•®i> XADDR21 



TO CD2 
TO CE2 
TO CF2 
TO CH2 
TO CJ2 
TO CK2 
TO CL2 
TO CM2 
TO CP2 

TO CHI 



•C£l> — -XBUS RQ 

<0n> XBUS ACK 

<Ei> XBUS WR 

•Cil> XBUS IGNPAR 

<EI> XBUS INIT 

<En> XBUS EXTRQ 

<®D XBUS BUSY 

<nED —XBUS SYNC 

<^T>- XBUS INTR 



ca>- 



<M>- 



— XBUS EXTGRANT OUT 
-XBUS POWER OK 
-XBUS POWER RESET L 



CBUS 



XBUS BACKPLANE CONNS 



10- DEC- 1980 10:09 



AI:CADR1;CXBUS 



UBX GRANT 



-WRITE THROUGH 1.^^ 



UB32-»BIIS L 




mm MASTER: — ^ 74S04;>C^ 

"*^ »^"R-sa;;^^x^^ 

DBUB MASTER-SS^BH/^ 



WRCYC- 



LMRD — ^4S04 
CI IM ^4S04 



XAOORORIVE L 



IMAOR^UB L 




mm L 




^ 






LMRD i 
LMWR 




C08 



Ci IN — ^74504 



UBRD A— ^MS04>O^ 




UBWR L 
IBRD 



UBWR A L 




COB 






UBRD L 
UBWR 



UBX GRANT A~ 
UBRO A- 

IMJB GRANT - 
l«WR- 



UBX GRANT A- 
UBRD A- 

LMX GRANT A- 
IWRD- 



UBX GRANT A- 
UBWR- 

LMX 6RANT- 
LMWR- 



74S51 

AND-OR 

INVERT 



[^ 



C18 



74551 

AND-OR 

rHVffiPT 



10s 



13s 

Is- 



74S51 

AND-OR 

TN\(ERT 



:fis-. 





74S64 
AOI 


SELECT DEBUG— ^ 
UBRD A— ^ 


A 




UB REG CYC TO— ^ 
UBRD A — 2* 


A 








V 




HI 1-14 — ^ 


A 




HI 1-14—^ 






MSYN IN— 13l 
UB17-14*WAP-i2s 

UBRD A --lis 


A 




HI 1-14 1^ 







-BUS-HJB L 



-Xfr^US L 



JiS^ 74S04>12e XWR 



-O^ 



UBWR- 
WRITE THROUGH— 110£ 



IMJB GRANT - 
(LMRD- 



74S51 

AND-OR 

INVERT 



133 

/ 

Is 



3fis~uBl&*BUS L 



SELECT PAGE-1^ 



74S00 
UBRO-^ B20 



74S00 Va= , 
B20^ y^ 



SELECT PAGE — 2= 



UBWR 
UB REG WRITE PULSE— ^^ 

-UB REG CYC T150 L- 
UB WRITE BUFFER L- 



WRITE THROUGH L-^ 




UBMAP -» UDO L 



UBMAPWE L 



j 74S00 
B20 



-WRITE THROUGH 



DBUB MASTER- 
DEBUG IN WR~ 

LMUB 6RANT- 
WWR- 



74S51 

AND-OR 

TNW.RT 



::Si ai<j74SM 

B13 




DBUB MASTER L^ 
SELECT SPY L- 
SELECT DEBUG L- 




WRITE DATA ■♦ UB 
CI OUT 



UDI -» UOO L 



;=UB. MAP. SELECT a UBRD 



CBUS 



DATA PATH CONTROL 



10-DEC-1980 17:33 



AI:CADR1;DATCTL 




<IlE1>- 



-DBD? 
-DBD8 



<J0b-10> - 0609 

<;j:-11> DBDIO 

<ESEl2> DBD ! 1 

<EES> DBD12 

<MIlI> I3BD13 

<j'jb-\=r> mou 

<nSZIl> DB015 

-DEBUG IN AO 

-DEBUG IN Al 

<EIEIS> DEBUG IN MR 

-DEBUG IN REQ L 



DBD15- 
DBD14- 
DBD 13 - 
DBD12- 
DBDll- 
DBDIO- 
DBD9- 
DBD8- 

DB ADRO CLK t- 
DBUB BLASTER i~ 




74LS374 
OCT REG 



17 6 

fta 7 



ill cut 

-OENB 



-UA016 
-UA015 



-moi3 

-UA012 



-UAOIO 
-UA09 



DBD7- 
DBD6- 
DBD5- 
DBD4- 
DBD3' 
DBD2- 
DBDl- 
DBDO- 



741S374 
OCl REG 



17 6 

18 7 



11 cut 

I -OENB 



-UA08 
-UA07 
~UA06 
~UA05 
-UA04 
-UA03 
-UA02 
-UAOl 





?5L^2519 
3UAD REG 
3UAL OUTPL r 




00 


^NC 




01 


^— DEBUG TIMEOUT INH L 


GND-1 


-0 ENB 02 


^^DEBUGEE RESET L 


HI 15-30-^ 


INV 03 


i^NG 


DBD3— 2. 


10 00 


J— NC 


DBD2 — ^ 


11 01 


i— -NC 


DBDl-^ 


12 02 


ll-NC 


DBDO -^ 


13 03 


1^UA017 


DBUB MASTER L— ^ 


-OUT ENB 




DB ADRl CLK L—^ 


CLKt 




GNO-12 


-CLK ENB 




DEBUG RESET L-^ 


-ASYN CLR 





<lE2l> 



180/390 om 

8 PIN SIP 
TERM 



-DEBUG IN Al 
-DEBUG IN AO 
-DEBUG IN WR 
-DEBUG IN REO L 
-DEBUG OUT ACK 





4 WAY 

DECODE 

74S139 






-3 


^^DB ADRO CLK L 




-2 


^^DB ADRl CLK L 




-1 


^^— DB READ STATUS L 




-0 


i^DB NEED UB L 


DEBUG IN Al-^ 


SELl 




DEBUG IN AO-^ 


SELO 




DEBUS IN REQ L-^ 


-ENB 





DB ADRO CLK L- 

DB ADRl CLK L- 

DB READ STATUS V 



DEBUG ACK 



DBUB ^ASTER- 
SSYN TO-^ 



<B2>L0CAL ENABLE- 




i?4S04 
Ala 



LOCAL ENABLE L 




DB NEED UB L-^74S0i>^^DB NEED UB 



GROUND TO CONNECT 
PDP-n TO UWIBUS 



LM POWER RESET L- 

-LOCAL ENABLE-^ j^q^ 
UNIBUS INIT in-^ All 




RESET 

; RESET TO BUSSES 

:RESET ARBITER 



DEBUG RESET L 

iRESET DEBUG INIERFACE 



BUSINT LM RESET L 
: RESET PROCESSOR 



CBUS 



DEBUGEE DATA PATH 



10-DEC-1980 10:25 



AI:CADR1;DBGIN 




SELECT DEBUG L-^74SM>2^SELECT DEBUG 



SELECT DEBUG-^ 



100 NS DELAY 



Izs.; 



SELECT DEBUG DLYD 



SELECT DEBUG-21A 74S32 



SELECT DEBUG DLYO-*^ A09 



s-DEBUG ACTIVE 



DEBUG ACTiw---^^r;;;s^^^ 

DBUB MASTER— 8^Jb12^/^ ' 



DEBUG ACTIVE-^ 
UBRD-i^ 

DBUB MASTER-131 
DEBUG IN WR~^ 




DEBUG ■*mi 



SELECT DEBUG— ^ 
DEBUG OUT ACK— 2* 



DEBUG SSYW 



74S241 

rs BUS DVR 



UBA 4- 
UBA 3- 
UBA 2- 
UBA 1- 



SELECT DEBUG- 



SELECr DEBUG OLYD-^ All 



UBA 2- 
U8A 3- 
UBWR- 



Ht 15-30— 19 BENB 



GND 1 -AENB 



OCTAL XCVR 

TRt STATE 

Ani8304 



UDO 15- 
UDO 14- 
UDO 13- 
UDO 12- 
UDO 11- 
UDO 10- 
UDO 9- 
UDO 8- 



UD -►DEBUG — ^ 
DBD ENB L— ^C 



-SPY ADR 4 
-SPY ADR 3 
-SPY ADR 2 
-SPY ADR 1 



-DEBUG OUT AO 
-DEBUG OUT Al 
-DEBUG OUT WR 
-DEBUG OUT REQ L 



UBD15 

1^ DBD14 

-DBD13 
-DBD12 



IT 



A -► B 
ENB OUT 



-DBDIO 



j;3 DBD9 

j^-— DBD8 



DCTAL XCVP 

TRI STATE 

Am8304 



UDO 7- 
UDO 6- 
UDO 6- 
UDO 4- 
UDO 3- 
UDO 2- 
UDO 1- 
UDO 0- 



-5.C 



rr 



16 



A -► B 
ENB OUT 



-DBD7 



Yg DBD6 

DBD5 
-DBD4 
-DBD3 
-DBD2 



15 

rr 

J5— DBDl 
^ DBDO 





74SZ41 

rs BUS DVR 




NC — 


t 


18 


NC 


NC 


% 


16 


NC 


NC — 


} 


14 


NC 


NC 


J 


12 


NC 


NC — 


1 -AENB 




NC 


11 


9 


^NC 


NC — - 


13 


7 


— NC 


XBUS PAR IN 


15 


6 


■ — MEMPAR TO LM 


DEBUG ACK 


17 


3 


^DEBUG IN ACK 


HI 1-14— 


19 BENB 








<M3>- 



<J06-5> - 
<J06-6> - 



<jm- 7> - 



<306-14> - 
<J06-15> - 



<JQ6-16> - 
<J06-17> - 



<MEM>- 



<1E21>- 



-DBDO 
-DBDl 
-DB02 
-DBD3 
-DBD4 



DBD5 

— DB06 

<MEI> D8D7 

<1EI> — DBD8 

O06-1Q> - DBD9 

O06-ll> DBD 10 

<J06-12) DBDll 

<]p6-13> DBD 12 

DBD 13 



-DBD14 
-DBD15 

-DEBUG OUT AO 
-DEBUG OUT Al 



<JQ6-19> DEBUG OUT WR 

<1EZS>~ DEBUG OUT REQ L 

<J06-?1> DEBUG OUT ACK 

<^08-22> NC 

CJQ6-23> - NC 



-NC 
-NC 



CBUS 



DEBUGER DATA PATH 



10-DEC-t980 10:26 



AI:CADR1;DBG0UT 



OCTAL XCVR 

TRI STATE 

Ain8304 



UDO 15- 
IJDO 14- 
UDO 13- 
UDO 12- 
UDO 11- 
UDO 10- 
UDO 9- 
U00 8- 



UBWR 
SELECT spy L 2-C 



18 



A -» B 
ENB OUT 



SPY 15 
SPY 14 

nj SPY 13 

j^—SPY 12 
15— SPY 11 
P|— SPY 10 

SPY 9 
f2 SPY 8 



XTAL XCVR 

IRI STATE 

Ani8304 



UDO 7 
UDO 6 
UDO 5 
UDO 4 
UDO 3 
UDO 2 
UDO 1 
UDO 



-2.C 



A -♦ 8 
ENB OUT 



SPY 7 
SPY 6 
SPY 5 
SPY 4 
SPY 3 
f4— SPY2 
SPY 1 

[5 — ^^ ? 



SEl£CT SPY L— i^74S0i: 




SELECT SPY 



SELECT SPY 
UBRD 

SELECT SPY 

UBWR 

UB REG WRITE PULSI 




SPY READ L 



SPY IIRITE L 



CBUS 



DIAGNOSTIC BUS 



10-DEC-1980 10:26 



AI:CADR1;DIAG 



MAPVALID I WRITCOK- 
m MA <2J:8> 



UBA <17:0> L 



UBA DRIVF. L C 



mmn -» i« l~ 



ADR <?1:0>L- 



17 Bir 

IWV TRI STATt 

BUFrER 

74LSZ40 



-C ENABIE 



(LMADR) 



DB ADR CLK- 
DBim MASTER I 



16 BIT 
TRI OUT 
REGISTER 
7413374 

OEBUGEE 



CLK 
EKB OUT 



1. 



18 BIT 

UNIfiUS AOORESS 

XCVR 8838 



ENABLE 
IN 



m MAP IriE- 

PAGE.SEIECT- 

UBA<4:1> ^^ <^^ = 0>- 



xnjtn UBA^17;P^ i 



m <;^3;10^ 



16 PAGE MAP 
14 BITS OUT 
29701 



WR EKB 
SEL WR ADR 
WR DATA 
WR ADR 



UOMAP -* U)0 l- 



ITbiT 

TRI -STATE 

BUFFER 

74LS244 



• IN OUl r 



(UBMAP) 



XAODR <21:0> L 



-UBPN <3:0> 



L UBA^:?> 



(UBMAP) 



(ISA) 



UB ADDR -> XBUS L C 



22 BII 
TRI -STATE 
BUFFER 
74LS244 



IN OUT 



XADDR DRIVE I QENABlE 



(UBXA) 



-UAO <17:1> t GND 



C IN GU^ 



LM ADR -> XBUS L- — C ENABLE 



22 Bit 

INV TRI 
BUFFER 
74LS240 



BUS 

22 BIT 

DC XCVR 

26S1(I 



CXA) 



>? BIT 

ADDRESS 

PARITY 

93S48 
' IH PARIIY 



(LMADR) 



(XAPAR) 



UAO <16: 1> 



(DBGIN) 



CBUS 



DATA PATH - ADDRESS 



25-MAY-1978 16:41 



AJ:CADR1;DPADR 



XBUS <31:0> L 



BUS PAR ODD- 



32 BIT 
PARITY NET 
93S48 



PAR ODD IN -■ 



(BUSPAR) 



BUS <31:0> 



wwr 

TRI BFR 
74LS244 



xpi <31:0> 



ENB D~XB -» BUS L 



(XBO) 



1 



32 BIT 
XBUS XCVR 
26S10 

OUT IN 

ENB 



3--XDRIVE L 



(XO) 



32 Bli 
BI-DIRECT 
XCVR 
Ani8304 



•A 



A -► B 



3? BIT 
220/330 
SIP TERM 



"MEM <31:0> 



-BUS -> IM 



ENB OUT D U«US ENB L 



(IMDATA) 



ERR -> UDO i 



UDI <15:10>- 



ERROR STATUS 



ENB OUT 



(REQERR) 



LOAD INT CTL REG ^ CLK STATUS 



UDI <8:2> 
INTR IN DLYD • 

INTG DRIVE L— C 



UNI BUS INTERRUPT 
CONTROL 

' UR INT 
DISABLE INT GRANT 
LEVEL <1:0> 
ALWAYS GRANT 
ENABLE UB INTS 



INT VECTOR 
CLK VECTOR 

im OUT 



(UBINTC) 



lie PACE 
READ BUFFER 
16 BITS 
_ 29701 
RBUF WE L-C WE 



UB FN <3:0>-" 



ADR 
IN 



OUT 



RBUF <31:16> 



(RBUF) UB.READ.BUFFER L- 



16btT 
TRI BFR 
74LS244 



flN OUT 
ENB 



UDO <15:0> 



BUS 



^'IN OUT 

UBL— HeNB 



wwr 

TRI BFR 
74LS244 



16 BIT 
Bi-DIRtCT 
XCVR 
Atn8304 



-DBD <15:0> 



-UD -► DEBUG 
EHB OUlb-DBD ENB L 



(DBGOUT) 



16 BIT 
BI-DIRECT 
XCVR 
Aro8304 



B '•• 



> B 



~SPY <15:0> 



ENB OUT >-SPY ENB I 



(OIAG) 



W BIT 
TRI BFR 
74LS244 



1 — ^ OUT IN ^ 



ENB Z>~UDl -» UDO L 



(UBD) 



iriTT 

UN I BUS 
DATA XCVR 
8838 

' • IN OUTf 



ENB 

BUS 



T 



UDI sl5;Q;> 



WBUF WE L-C 
UBPN <3t0>- 



16 PAGE 
mm BUFFEF 
16 BITS 

29701 

WE 

ADR 



IN 



OUT 



WBUF <15:05 



(WBUF) 



UB32 ■* BUS- 



iimy 



UBD <15:0> L 



irwT 

TRI BFR 
74LS244 



ENB 



(BUSSEL) 



(RBUF) 



&S)' 



UB16 -♦ BUS C ENfl 



32 BIT 
TRI BFR 
74LS244 



LEFT 



(BUSSEL) 



CBUS 



DATA PATH - XBUS DATA 



25-MAY-1 978 16:47 



AI:CADR1;DPDATA 



ADRll L- 
ADRIO L- 
ADR9 L- 
ADR8 L- 



ADRll L 
ADRIO L 

ADR9 L ^ 

ADR8 L 



U«DR-»XBUS L iS 



74LSZ40 
TS INV 
BUS DVR 



-0 
-0 
-0 
-0 



tfi UA012 

^S— UAOll 
UAOIG 
UA09 



-0 
-0 
-0 
-0 



-BENB 



-XAOll 
-XAOIO 
-XA09 
-XA08 



ADR7 L- 
ADR6 L- 
A0R5 L- 
ADR4 L- 



ADR7 L 
ADR6 L 

ADR5 L ^ 

ADR4 L ^ 

19! 



74LS240 
TS INV 
BUS DVR 



-BEN8 



^ UA08 

UA07 
UA06 

12. — UA05 



-XA07 
-XA06 
-XA05 
-XAD4 



ADR3 L- 
ADRZ L- 
ADRl L- 
ADRO L- 



ADR3 L 
ADR2 L 

ADRl L ^ 

ADRO L 



-la 



74LS240 
TS INV 
BUS DVR 



-0 
-0 
-0 
-0 



-0 
-0 
-0 
-0 



IS UA04 

^ UA03 

UA02 
UAOl 



-XA03 
~XA02 
-XAOl 
-XAOO 



A26 



A25 



ADR <21:20> APPEAR 
ON CADRl; UBINTC 



GND- 

6ND- 

GND- 

ADR16 L- 

LMADR-»UB L- 



ADR19 L 
ADR18 L 
ADR17 1 
ADR16 L ^ 



IMADR-^XBUS L ^ 



74LSZ40 
TS INV 
BUS DVR 



-0 
-0 
-0 
-0 



^a— NC 

m. — Nc 

— NC 
^ UA017 



-XA019 
-XA018 
-XA017 
-XA016 



ADR15 L- 
ADR14 L- 
ADR13 t- 
ADR12 L" 



ADR15 L 

ADR14 L ^ 

ADR13 L 
ADR12 L 

19 



74LS240 
TS INV 
BUS DVR 



-0 
-0 
-0 
-0 



-0 
-0 
-0 
-0 



UA016 

l£ (1^015 

14 UA014 



12—1 



UA013 



-XA015 
-XA014 
-XA013 
-XA012 



CBUS 



ADDRESS FROM LISP MACHINE 



10-DEC-1980 10:27 



AI:CADR1;LMADR 



BUS 31- 
BUS 30- 
BUS 29- 
BUS 28- 
BUS 27- 
BUS 26- 
BUS 25- 
BUS 24- 



DCTAL XCVR 

rni STATE 

Ara8304 



BUS ■* LM 21 

LMBUS EWB L 9-C 



A -» B 

EttB our 



ig MEM 31 

J5 MtM 30 

f7 MEM 29 

ig MEM 28 

j^-^MEM 27 

r? 

13 
12 



-MEM 26 
-MEM 25 
■Vm 24 



BUS 23 
BUS 22 
BUS 21 
BUS 20 
BUS 19 
BUS 18 
BUS 17 
BUS 16 



XTAL XCVR 

TRI STATE 

Am8304 



-a.c 



A -» B 
ENB OUT 



MEM 23 
MEM 22 



—MEM 19 

P^ MEM 18 

f5 -MEM 17 

J5 MEM 16 



3CTAL XCVR 

IRl STATE 

Aro8304 



BUS 15 
BUS 14 
BUS 13 
BUS 12 
BUS 11 
BUS 10 
BUS 9 
BUS 8 






A -♦ B 
ENB GUT 



jg MEM 15 

1^ MEM 14 

MEM 13 

MEM 12 



16 

1^ MEM 11 

Y^ ^MEM 10 

fj— MEM 9 

f2 MEM 8 



BUS 7 
BUS 6 
BUS 5 
BUS 4 
BUS 3 
BUS 2 
BUS 1 
BUS 



XTAL XCVR 

IRI STATE 

Am8304 



-2.C 



A -♦ B 

ENB orr 






B30 



MEM 6 
MEM 5 
MEM 4 
MEM 3 
MEM 2 
MEM 1 
MEM 



B29 



Mm 



3(18) 



MEM 0- 
MEM 1- 
MtM2-4a2i 
MEM Z-MMi 



MEM 4 ^C 1 5) 
MEM 5-ltMI 



180/390 OHM 
8 PIN SIP 
TERM 



MEM 6 
MEM 7 
MEM 8 
MEM 9 
MEM 10 
MEM 11 





180/390 OHM 
8 PIN SIP 
TERM . 


2: 




3! 


4: 


5: 


6! 


7: 





?( 1 9) 



MEM 12 

MEM 13-^^^^ 

MEM14-4tm 

MEM IS-Stili 

MEM 16-fitl£i 



180/390 OHM 
8 PIN SIP 
TERM 



MEM 18 
MEM 19 
MEM 20 
MEM 21 
MEM 22 
MEM 23 





180/390 OHM 
8 PIN SIP 
TERM 


2: 




3: 


4: 


5: 


6: 


7: 





MEM 24— 2^-^ 
MEM 25 3(18} 
MEM 26 ^C 1 7) 
MEM 27--^Ufi) 
MEM 28 ^tl5) 
MEM 29— ZtH} 



180/390 OHM 
8 PIN SIP 
TERM 



A30e20 



MEM 30 
MEM 31 
IIEMPAR FROM LM- 
NC 
NC 
NC 





180/390 OHM 
8 PIN SIP 
TERM 


2: 




3: 


1 ^* 


5! 


6! 


7: 





A3083 



A29920 



A2993 



NOTE: MEMPAR TO LM Is on DBGOUT 



CBUS 



PROCESSOR DATA XCVR 



10-DEC-1980 10:27 



AI:CADR1;LMDATA 



BUS31 
BUS30 
BUSZ9 
BUSZ8 



-UBPW3B 
-UBPN2fl— iSl 
-UBPNIB 
-UBPNOB 



RBUFWE i- 
GND- 



29701 

TS WOW INV 

16 X 4 RAH 



11 01 

12 02 

13 03 

14 04 



-WRITE 
-CE • 



RBUF31 
RBUF30 
RBUF29 
RBUF28 



BUS27 
BUS26 
BUSZ5 
BUS24 



-i&J 



JWj 



29701 

rS NOW INV 

16 X 4 RAM 



01 
02 
03 



-CE 



RBUF27 
RBUF26 
RBUFZ5 
RBUF24 



BIJS23 
BUS22 

BUS21~-lfl^ 
BUS2Q— IZi. 



JL&. 



JL± 



29701 

rS NOW INV 

16 X 4 RAM 



11 01 

12 02 

13 03 

14 04 



-WRITE 
-CE 



RBUF23 
RBUF22 
RBUF21 
RBUF20 



BUS 19- 
BUS18- 
BUS17 
8US16 



29701 

TS NOW INV 

16 X 4 RAM 



11 01 

12 02 

13 03 

14 04 



-CE 



RBUF19 
RBUF18 
RBUF17 
RBUF16 



023 



74LS244 ^ 
IS BUS DVP 



RBUF31- 
RBUF30~ 
RBUF29- 
RBUF28- 

UB READ BUFFER L- 



BUS15- 
BUS14- 
BUS13- 
BUS12- 



BUS-H« L ^19 -BENB 



-UD015 
-UD014 
-UD013 
-UD012 



-UD015 
-UD014 
-UD013 
-UD012 



BUSll- 
BUSIO- 
BUS9- 
BUS8- 



74LS244 
rS BUS OVR 




-UDOll 
-UDOIO 
-UD09 
-UD08 



74LS244 
rS BUS DVF 




-UDOll 
-UDOIO 
-UD09 
-UD08 



BUS7- 
BUS6- 
BUS5- 
BUS4- 



-UD06 
-UD05 



RBUF19- 
RBUF18- 
RBUF17- 
RBUF16- 



74LS244 
rS BUS OVR 



-UD07 



-UD05 
-UD04 



BUS3- 
BUS2- 
8US1- 
BUSO- 



-UD03 
-UD02 



~UD03 
-UD02 
-UDOl 
-UDOO 



D22 



D21 



CBUS 



READ BUFFER 



10-DEC-1980 10:28 



AI:CADR1;RBUF 



BUS PAR EVEW-I4 
MEMPAR FROM lM-2^ 



ADRPAR l^ 
XAO PAR EVEIi L* 




HI 1-14-^ 
RESET ERR L— ^ 



LM PAR ERROR 



IW ADR PAR ERROR 



^^XB I 



UB NXM ERROR 



BUS PAR EVEW-^ 
XBUS PAR IM-^ 



lU 



-XBUS IGNPAR I»H^ 




-XBUS REQUEST L— ^^ C 



GNO 



£ 



74LS11 : 



-XB PAR ERROR 



LM PAR ERROR 
XB PAR ERROR 
IM ADR PAR ERI 




AMY PAR ERROR L 



74LS244 
rS BUS DVR 



XB NXM ERROR- 

XB PAR ERROR 14 

IW ADR PAR ERROR — - 5 
UB NXM ERROR 5 



UB ERR DRIVE L- 

LM PAR ERROR- 
UB MAP ERROR- 
-FREE- 
WRITE THROUGH ENB 



UB ERR DRIVE L 19 -BENB 



~UDO 
-UDO 1 
-UDO 2 
-UDO 3 



-UDO 4 
-UDO 5 
-UDO 6 
-UDO 7 



XBUS IGNPAR 111-3^ ?4S04 




B13 



UMX GRANT 
MEMPAR FROM 

-im GRANT- 
BUS PAR EVEN fes 



74S51 

AND-OR 

INVERT 



XBUS IGNPAR IN L 



UB INVALID L-! 



[ 74S08 
£02 



UB XBUS TlOO-^ 

RESET ERR L-^ 

HI 1-14-1* 




3S2~1^ 74S^>lflS-XBUS PAR OUT 




UB MAP ERROR 





OCFAL XCVR 

TRI STATE 

Aiti8304 




XB NXM ERROR— ^ 


Al 


Bl 


[^DBD 


XB PAR ERROR— ^ 


AH 


B2 


jg-DBDl 


in ADR PAR ERROR— ^ 


A3 


B3 


r7-DBD2 


UB NXM ERROR— ^ 


A4 


B4 


jg-DBD 3 


LM PAR ERROR— ^ 


A5 


B5 


f^DB0 4 


UB MAP ERROR— ^ 


A6 


B6 


jy-DBD5 


-FREE — ^ 


A7 


B7 


^DBD6 


WRITE THROUGH ENB-^ 


A8 


B8 


f^DBD7 


HM-14-il 


A -> 


B 




DB READ STATUS L— ^C 


EWB OUT 





CBUS 



ERROR LOGIC 



10-DEC-1980 10:40 



AI:CADR1;REQERR 



17 400 000- 
17 777 777 



ADR21 L »" 

ADR20 L 2i^ 

ADR19 L — ^^) 
ADR18 I ^ 2 ^0 
ADR17 I ^^^ C 



TOP 128K OF LM PHYSICAL ADDRESS 
IS t/0 TO UNfBUS 



74SZ60 
C12 






im 



^4SM 



MEKRQ L- 



LMXRQ- 
LMX GRANT A- 



UBXRO- 
LMX GRANT A- 



-UB TO MD- 
MSYN IN- 



308 

E09 
SOS 

109 



74S51 

AND-OR 

INVERT 



XBUS IGNPAR I 
LMUB GRANT- 




2s 9s 



-^IC 



LMUB GRANT L 
in UB MASTER L — SiC 



■C 74S02\i2= 



-LMNEEDUB (EARLY) 




IM IGNPAR L 



■^^ 74S32 

ir-22<: 818 



-IJ4XRQ L 




tMX GRANT A- 

XACK — ^ 



^74504, 
■^13 



LMXRQ 



INT BUSY T80- 



XJJg)"^ 



-li. 



HI 1-14- 



74S74 
D 



CLKt 
-CLR 
-SET 



XBUS REQUEST 
-XBUS REQUEST 




A04 



B14 
DATA DESKEW 



XBUS ACK IN- 



UBX GRANT L-^^i^^^ 
UB TO M) L— lisC B17 



DELAY 
20NS INCS 
TDIOO 



20NS 
40NS 



60NS ^ 



lOONS ^ NC 



XBUS REQUEST- 
NXM TIMEOUT 



IZ^U 



XRD- 



J^ 



J2s. 



74SOO)^5ii^ 
INT BUSY TlOO--^ All ^ ^ 



-LOADMD AGK L 



e^jo — IM 

NC 
NC 
NG 




74S64 
AOI 



-XACK L 



•^^7450^ 
C08 



5l^74SM>12S— LOADW) ACK 
A13 




-UBX GRANT L— ^25^74s^>At5_y^ mEMDRIVE ENB 
'BIS ;FOR UB-*MD HACK 



GNO 
NC 




XACK 



UB MD LOAO- 
-LOADMD ACK- 

IMUB GRANT- 
LMRD- 
UNIBUS REQUEST- 

IWX GRANT A— ^^ 
LMRD 
-XACK 
XBUS REQUEST 



74S64 
AOI 



3?^ LOADMD L 



CBUS 



XBUS REQ & ACK 



10-DEC-1980 17:18 



AI:CADR1;REQLM 



vcc ^ 



INT BUSY -2^74504 




PROM UNUSED- 
PROM HUNG TfMEOUT- 
PROM KXM TIMEOUT- 
SELECT DEBUG- 
TIMEOUT 3- 
TIMEOUT 2- 
TIMEOUT 1- 
TIMEOUT 0- 



-INT BUSY L 
DEBUG TIMEOUT INK L^ 



74LS273 
OCT REG 



17 6 

18 7 



-UNUSED TIMEOUT 
-HUNG TIMEOUT 
-NXM TIMEOUT 




HUNG TIMEOUT-1^ ^4S04^ 



GIID 15:-CE 



32X8 
PROM 
74S288 



079 
067 
056 
045 
034 
023 
012 
001 



14: A4 
13: A3 
12: A2 
U: Al 
10: AO 



-NC 

-PROM UNUSED 
-PROM HUNG TIMEOUT 
-PROM NXM TIMEOUT 
-TIMEOUT 3 
-TIMEOUT 2 
-TIMEOUT 1 
-TIMEOUT 



A02 



7AS0AXP^\ 



HUNG TIMEOUT L 



^03 



NXM TIMEOUT-^ 74S04 




NXM TIMEOUT L 



TBP 18S030M 



BO301 



CBUS 



XBUS & UNIBUS TIMEOUT 



10-DEC-1980 15:26 



AI:CADR1;REQTIM 



17 400 000 to 
17 777 777 

THESE ARE LM ADDRESSES THAT ARE MAPPED ONTO UNtBUS 

THEY DON'T EXIST ON XBUS 

THEREFORE THEY'LL MEAN UNIBUS TO MEMORY DATA REGISTER 



UB INVALID L 



j &*q74S0^>S5-l 




UBXRQ 



UBXRQ L 



DELAY FOR MAPVALID 



UBMA21 *■ 

UBMA20 ^ 

UBMA19 ^ 

UBMA18 ^ 

UBMA17— ^ 
UBXRQ' — ^ 

UBWR Z. 

MSYN 1N~^ 
HI 15-30 
HI 15-30 
HI 15-30~i^ 
HI 15-30 
HI 15-30 



74S133 
D12 



33^^^_, 



UB TO MD L 



UBX GRANT A 
XACK 



RBUFWE L 




-WRITE THROUGHifl* ^^j^^ 
UB RES CYC T250-^ AG4 



HI 1-14 

J 



^m 



« s ^ 

74LS74^ 



003 



INTRSSYN— ^74532" 
-^ E04 



CBUS 



XBUS REQUEST FROM UNIBUS 



10-DEC-1980 15:36 



AI:CADR1;REQU 



:HIGH 128K ADDRESS & MEHRQ 



UWEEDUB (EARIY) f 



Mm. 




IMJB RQ 



IWT BUSY TiOO- 



BIO 



LMUB GRANT ^^ 



j 74S02 
RESET ^ B12 



Mm. 



74S74 




-0 



CLKf 
-CLR 
-SET 



-UNIBUS REQUEST 
— UNIBUS REQUEST 



BIO 



UNIBUS REQUEST — f = 
HI 1-14- 



DBUB MASTER- 



100 HS DELAY 
C07 



m^ 



74S51 

ANO-OR 

TMVF,RT 



I3s 

Is 



J' ""^ g>M 



D20 







DELAY 
50NS INCS 
TO250 




NXM TIMEOUT— 
SSYN IN — 


INPUT 


SSYN TO 




SONS 


^SSYN T50 






lOOKS 


**--SSyN TlOO 






150NS 


"^SSYN T150 






200NS 


^S-SSYN T200 






250NS 


^SSYN T250 



CBUS 



LM & DEBUG TO UNIBUS 



10-DEC-1980 15:23 



AhCADRIjREQUB 



XBUS EXTRQ IW- 



LMUBRQ- 



UBXRQ 



NC 



GRANT RESET L- 
CLR L- 



OUAD FF 
74S178 



-CLR 

cut 




XBUS EXTGRANT GUT 



-XRQS 
— XRQS 



-IMUBRQS 
— IWUBROS 



^^^^— UBXRQS 
UBXRQS 



iS-i— NC 
NC 



A08 



UBXROS L — *^ 

-XRQS L—l^- 

FREE t--^^ 

GND — ^■ 

GND 5^ 

IMUBRQS L 1 

-XROS L ^ 

-UBXRQS L 2s 

FREE L— i^ 
GND— ^ 

tMXRQ L ^" C 

-XRQS L ^^= C' 

-UBXRQS L ^^^ 

"LMUBRQS L— ^ • 

FREE L — ^^ 



74SZ60 
C12 



^ 



UBX GRANT SET 



74S260 
A07 



LMUB GRANT SET 



UBX GRANT SET- 



mm GRANT SET- 



LMX GRANT SET 



74SZ60 
A07 



LMX GRANT SET 



-INT BUSY t 
-XRllS BUSY IN L ^M ^^^ 



FREE L 



LMUB GRANT L- 
LMX GRANT L- 



UBX GRANT L- 




20NS 
40NS 
60NS 
SONS 
lOONS 



XBUS REQUEST L— ^ 

74SQ0)^. IS^ 74S11 

DOS 

iOADMD ACK L- 



B06 



INT BUSY T80- 




MS04 
B07 



INT BUSY T20 
INT BUSY T40 
INT BUSY T60 
INT BUSY T80 
INT BUSY TlOO 



INT BUSY T80 L 



CLKO- 
FREE- 



NC 



GRANT RESET I 



74S00 
AG4 



QUAD FF 
74S175 



-Q 



-Q 



-CLR 
CLKt 



-UBX GRANT 
—UBX GRANT 



-LMUB GRANT 
—LMUB GRANT 



LMX GRANT 
-LMX GRANT 




100 NS DELAY 

eo7 



INT BUSY T40 L- 
HJI6 TIMEOUT L— ^ 



74S74 
D Q 



CLKt 
-CLR 
-SET 



—GRANT RESET 
is GRANT RESET 



B14 




LMX GRANT L 

UBX GRANT L — ^^7AS0p^ UBX GRANT A 

^07 



CBUS 



REQUEST SYNCHRONIZER 



10-DEC-1980 11:32 



AI:CADR1;RQSYNC 



NC- 

Cl OUT- 

UA017-- 

UA016- 

NC- 

-UB Cl- 

UB ADR 17 L- 

UB ADR16 L- 

UBADRIVE L- 
GND- 



:. 6 

P-: 3 

ill: 10 

14: 13 



8838 
BUS XCVR 



B 
U 

12: S 

15: 



-ENB 
-ENS 



-NC 
-CI IN 
-UBA17 
-UBAIG 



UA015- 
UA014- 
UA013- 
UA012- 

UB ADR15 L- 
UB ADR14 L- 
UB ADR13 1- 
UB ADR12 L- 



11: 

14: 



8838 
BUS XCVR 



6 
U 

il2: S 
5: 



~ENB 
7: -ENB 



UAOll- 
UAOIO- 
UA09~ 
UA08- 

UB ADRll t- 
UB ADRIO L- 
UB ADR9 L- 
UB ADR8 L- 



11: 

14: 



8838 
BUS XCVR 



%: B 

1: U 

12: S 
15: 



J: -ENB 
7: -ENB 



-UBAll 
-UBAIO 
-UBA9 
-UBA8 



UA07- 
UA06- 
UA05- 
UA04- 

UB ADR7 L- 
UB ADR6 t- 
UB ADR5 L- 
UB ADR4 L- 



11: 
14: 



8838 
BUS XCVR 



1: U 
12: S 
15: 



3: -ENB 
-ENB 



-UBA7 
-UBA6 
-UBA5 
-UBA4 



UA03- 

UA02- 

UAOl- 

GND- 

UB ADR3 L- 
UB ADR2 L- 
UB ADRl L- 
UB ADRO L- 



11: 
14: 



F12 



8838 
BUS XCVR 



B 
U 

U: S 

15: 



^: -ENB 
-ENB 



-UBA3 
-UBA2 
-UBAl 
-UBAO 



FIO 



F09 



F08 





iEX INV 
r4S04 




UBA 15—121 




^ UBA 15 


UBA 14-ill 




"i^-UBA 14 


UBA 12—21 




li -UBA 12 


UBA 9 — 5s 




^^— -UBA 9 


UBA 8 — 3s. 




*S— -UBA 8 


UBA 7"-^ 




^S -UBA 7 



CBUS 



UNIBUS ADDRESS TRANSCEIVERS 



10-DEC-1980 11:32 



AI:CADR1;UBA 




SELECT PAGE L-1^74SoJ>2^ — SELECT PAGE 
'EOS 



WRITE THROUGH EN8 L ^^°C 
UBPN3A L— i2S^ 



a^c 



3-8 DECODE 
74S138 



WRITE THROUGH L 



B18 



UB WRITE BUFFER L 



ur>Ai7 

UI?A16 

IBA15 

UBA14 ^ 

UBA13 ^ 

-Ur.A12 S- 

URAll Z- 

UHAIO— Ifi. 

-UBA9 

-UBA8 

-UBA7— 1^ 
MSYN IN 
HI 1-14 



766 000- 
766 177 



UBA 6- 
UBA 5- 



74S133 
EOS 



33\^ 



4 WAY 
DECODE 
74S139 



-3 
-2 
-1 
-0 



SELl 
SELO 



-SELECT PAGE L 
-SELECT DEBUG L 
-SELECT INTERRUPT L 
-SELECT SPY L 

;16 WORDS EACH 



UDI7 



RESET ERR L 




WRITE THROUGH ENB 



WRITE THROUGH ENB 



rE niROUGH L — 2^<T- 

UB WR XBUS L — ^ 

HI 1-14 — urOL 



UB WRITE XBUS L 



140 000 



UBA15 L— i^ 

UBA14 L — ^ 

GNO— a^ 




4 WAY 
DECODE 
74S139 



UBRD 
UB REG WRITE PULSI 



SELECT SPY L 

SELECT INTERRUPT L- 

SELECT PAGE L- 

UB READ BUFFER L 

UB WRITE BUFFER L- 



) 74S02 
F02 



UBWR — 
UBA 2 — 
UBA 1 — 

HI 1-14 ^ 

SELECT INTERRUPT L — ^i 

^i ^ il 



SEL2 
SELl 
SELO 



CE2 
-CEl 
-CEO 



NC 

RESET ERR L 
LOAD INT CTL2 REG L 
LOAD INT CTL REG L 
NC 
^ — ^UB ERR DRIVE L 
NC 
INTC DRIVE L 



E03 



UB WR XBUS L 
UB WRITE BUFFER L 
^^"i—UB READ BUFFER L 
^2l— UB READ XBUS L 



HI 1-14 
HI 1-14 
HI 1-14— i^ 
HI 1-14 ^^' C 
HI 1-14— i^ 
HI 1-14—1^ 
HI 1-14— i^ 
HI 1-14— iSi^ 



UB17-14=MAP 



PAGES ARE 512 16-BIT WORDS LONG 

THE FIRST 8 ARE ACCESSIBLE BY A PDP-11, 

THE OTHER 8 ARE SHADOWED BY I/O ADDRESSES 




UB REG CYC T15I 



UB REG CYC T50-^S= 
-UB REG CYC T150 — ^ 



UB REG CYC TO 



UB REG CYC T50 
UB REG CYC TlOO 
^^i^— UB REG CYC T150 
UB REG CYC T200 
UB REG CYC T250 



UB REG CYC T150 L 



UB REG WRITE PULSE 



CBUS 



UNIBUS SLAVE RESPONSE 



11-DEC-1980 14:57 



AI:CADR1;UBCYC 




UD03- 
UD02- 
UDOl- 
UDOO- 

-UBD3- 
-UB02 - 
-UBDi- 
-UBDO- 



11: 
14: 



8838 
BUS XCVR 



14: B 
U 

12: S 
15: 



3: -ENB 
7: -ENB 



-UDI3 
-UDI2 
-UDIl 
-UDIO 



74LS244 
IS BUS DVf 




UDI -> UDO I - 

UDI 11- 

UDI 10- 

UDI 9- 

UDI 8- 

UDI -> UDO L- 



-AENB 



-UDO 15 
-UDO 14 
-UDO 13 
-UDO 12 



-UDO 11 
-UDO 10 
-UDO 9 
-UDO 8 



74LS244 
rs BUS DVR 



UDI 7- 
UDl b- 
UDI S- 
UDI 4- 



UDI 3- 
UDI 2- 
UDI 1- 
UDl 0- 



1 -AENB 



-UDO 7 
-UDO 6 



-UDO 4 



-UDO 3 
-UDO 2 
-UDO 1 



CBUS 



UN! BUS DATA TRANSCEIVERS 



10-DEC-1980 11:33 



AI:CADR1;UBD 



LOAD rWT eTL2 REG L- 
RESET L — 



ENABLE UB INTS- 



HI 15-30 



M 



74LS74 
D Q 



CLKt 
-CLR 
-SET 



-UB INT 



D15 



JiSiZ 



74LS74 
D Q 



-0 



CLKt 
-CLR 
-SET 



UDIO- 



LOAD INT CTL REG L- 
RESET L~ 



INT STOPS GRANTS 



HI 15-30- 



74LS74 
D Q 



CLKt 
-CLR 
-SET 



-DISABLE INT GRANT 



014 



Jli 



-lai 



JUll 



74LS74 
D Q 



CLKt 
-CLR 
-SET 



-DISABLE INT GRANT L 



NC 
NC 
ADR21 L 
ADR20 L- 

LMADR-+XBUS L- 



XBUS INTR IN L" 

UB INT L ^ 

DISABLE INT GRANT L — ^ 
LOCAL ENABLE L 



INTC DRIVE L- 



D15 



014 



74LS240 
TS INV 
BUS DVR 



Lfi .fic 

^ NC SEE CADRl; 

— XA021 
12 XA020 



-UD014 
-UD015 
-UDOO 
-UDOl 



GNO 

GND 

UDIia 

UDI12 

UDIll 

11)110 

INTC DRIVE L- 

LOAO INT CTL REG L- 

GND 

HI 15-30 



pL§25ir 
lUAD REG 
>UAL OUTPUT 



00 

01 

^ ENB 02 

INV 03 



10 
II 
12 
13 
-OUT ENB 



CLKt 

-CLK ENB 
-ASYN CLR 



LEVELl 
LEVELO 

^ INT STOPS GRANTS 

ENABLE UB INTS 

UD013 

UD012 

UDOll 



00 
01 
02 
O3N— UDOIO 



D16 



INTR SSYN 8-~^^^<^74S00Nm=__. 
LOAD INT CTL2 REG L-l^S- ^ ^^j j^ 



UDI9- 
UDI8- 
U0I7- 
UDie- 
UDIB- 
UDI4- 
UDI3- 
UDI2- 



INTC DRIVE L- 



74LS374 
OCT REG 



11 CLKt 
I -OENB 



-UD09 
-UD08 
-UD07 
-UD06 
-UD05 
-UD04 
-UD03 
-UD02 



D17 



CLK L — ^ 

-INTR IN L ^ 

HI 15-30 — ^ 



74LS74 
D Q 



CLKt 
-CLR 
-SET 



D13 



LOCAL ENABLE 
UNIBUS INTR IN ^i. 



UB INT 
XBUS INTR IN- 



XBUS INTR IN 




AZl 



AM 



74LS74 
D 



CLKt 
-CLR 
-SET 



INTR SSYN 



-INTR SSYN 



D13 



XBUS INTR IN L 



CBUS 



UNIBUS INTERRUPT CONTROL 



10-DEC-1980 11:34 



AI:CADR1;UBINTC 



UDI15 
UDI14 
UDri3 
UOUZ— ^ 



-UBPN3A 
-UBPN2A— 15i 

-UBPWIA 
-UBPNOA 



UBMAPWE L- 
GWD- 



29701 

TS NON INV 

16 X 4 RAM 



01 
OZ 
03 
04 



-WRITE 
*CE 



MAPVALIO UDIll 

WRITEOK UDIIO 

UBMA21 UDI9 

UBMA20 UDI8 






29701 

TS HON INV 

16 X 4 RAM 



01 
02 
03 
04 



-WRITE 
-CE 



— UBMAJ9 
— UBMA18 
— UBMA17 
III— UBMA16 



UDI7 
UDI6 
UDI5 
UDI4— 12l 

« JL 



29701 

TS NON INV 

16 X 4 RAM 



01 
02 
03 
04 



-WRITE 
-CE 



UBMAIB 
UBMA14 
UBMA13 
UBMA12 



UDI3 
UDI2 
UDIl 
UPIO— 12i 



-_ll. 
_liL 



29701 

15 NON INV 

16 X 4 RAM 



01 
02 
03 
04 



-WRITE 
-CE 



— UBMAll 
— UBMAIO 
— UBMA9 
^ — UBMA8 



E15 



E13 



E12 



OUAD 2 IN 
INV SELECT 
74S258 



UBA13 
UBA4 



U8A12 
UBA3 



UBAll 
l)BA2 



UBAIO- 
UBAl- 



SELECT PAGE— 



-ENB 



-UBPNIA 



-UBPNOA 



UBA13 
UBA4 



UBA12 
UBA3 



UBAll 
UBA2 



UBAIO 
UBAi 



3UAD 2 IN 
INV SELECT 
74SZ58 



-UBPNOB 



MAPVALIO- 
WRITEOK- 
UBMA 21- 
UBMA 20- 

UBMAP ■♦ UDO L- 

UBMA 19- 
U8MA 18- 
UBMA 17- 
UBMA 16- 



74LS244 
rS BUS DVR 



UBMAP •♦ UDO L — 19 -BENB 



-UDO 15 
-UDO 14 
-UDO 13 
-UDO 12 



74LS244 
TS BUS DVB 



-UDO 11 
-UDO 10 
-UDO 9 
-UDO 8 



UBMA 15- 
UBMA 14- 
UBMA 13- 
UBMA 12- 

UBMAP •♦ UDO L- 

UBMA 11- 
UBMA 10- 
UBMA 9- 
UBMA 8- 



UBMAP •♦ UDO L 19 -BENB 



-UDO 7 
-UDO 6 
-UDO 5 
-UDO 4 



E16 



-UDO 3 
-UDO 2 



Ell 



ElO 



CBUS 



UNIBUS MAP 



10-DEC-1980 11:35 



Ah CADR1; UBMAP 



J^NEEOUB 
-LM l,^ SELECTEI 
-LM UB MASTER 

OB NEED UB 

-DB UB SELECTEI 

-DB UB HASTE 



■LM BUS REQ L 




•BUS REQ 



WPG m t— ^^74504: 




NPG IN 



-DB BUS REQ L 



NPG2 IN 

LM RESET 1 

HI 1-14 



.-2iO 


74LS74 
Q 


^S— 




-Q 


>s 


.-Jli 


CLKt 




4= 


-CLR 




1= 


-SET 





m UB GRANTED 
LM UB GRANTED 



„. 74LS74 
LM UB GRANTED— J^ D Q 



NPG2 IN TlOO— ^i^ 
IM RESET L 
MI 1-14 



is— UM 



CLKt 
-CLR 
-SET 



UB SELECTED 



-m UB SELECTED 




NPGl OUT 
NPG2 IN 



=u 



C02 



100 NS DEUY 
001 



I2i_| 



SACK IN 
-LOCAL ENABLE- 



NP6Z IN TlOO 



STBY TO KEEP MASTERSHIP 
^; IF WO ONE ELSE WNATS IT 



NC- 




LM UB SET MASTER 



74S74 
D Q 



CLKt 
-CLR 
-SET 



NPG2 IN 

NPG2 IN TlOO ^ 

-I-MU8 GRANTED—^ 



9. 1 74LS74 
DB BUS REQ l-^^ Q 



-LM UB MASTER 



— LM UB MASTER 



D04 



NPG OUT L 



NPGl IN- 

OB RESET L- 

HI 1-14- 



ii 1 



CLKt 
-CLR 
-SET 



B03 
DB UB GRANTED 



DB UB GRANTED 



19. 74LS74 
DB UB GRANTED—*^ D Q 



NPGl IN TlOO— ^ CLKt 
OB RESET L~^ -CLR 



-SET 



DB UB SELECTED 
-DB UB SELECTED 



002 



NPG IN 
NPGl 



'"ZL 

IN 1- 



M 



100 NS DEUVY 
001 



mi—i 



NPGl IN TlOO 



I UB-^ 



100 NS DELAY 
001 



H 



Mm. 



NPGl IN-—^ 
NPGl IN TlOO— i^ 



-OBLIB GRANTED ^S. 




74S10 
006 



DEBUG RESET L— i^l 
DB UB SET MASTER L— ^ 



-NPGl OUT L 



74S74 
D Q 



CLKt 
-CLR 
-SET 



DB UB MASTER 



-DB UB MASTER 




004 



^74SWX=-NP61 OUT 
'^3 



DB UB SELECTED^ 



LM UB MASTER L- 
-IJ4NEEDU8 L- 



D8 UB MASTER L 
-DB NEED UB L 



LM UB SELECTED L- 
DB UB SELECTED L- 



m UB MASTER L- 
DB UB MASTER L- 



LM UB SET MASTER L 



DB UB SET MASTER L 



-IM RESET L 



WITH 
WITH 



<x:LM npg:NPG2> 
<x:DB npg:NPGl> 




f07 



x,RQ: BUS REQ, NPR; 

npg. IN: set x. GRANTED; 

npg.IN+lOOns: [x. GRANTED: set x. SELECTED, else NPG OUT]-, 

X. SELECTED v x. MASTER: -BUS REQ. -NPR; 

X, SELECTED: SACK OUT; 

assert SACK OUT: (OLY): -npg.IN 

-npg.IN A -SSYN IN a -BBUSY IN: BUS READY; 

BUS READY A x. SELECTED: set x. MASTER; 

X. MASTER: BBUSY OUT, x. RESET; 

X. RESET: clr x. GRANTED, clr x. SELECTED; 

-x.RQ: clr x. MASTER; 



NOTE: NPR is synchronized on UPRIOR and 
generates NPG IN if LOCAL ENABLE. 



CBUS 



UNIBUS MASTERSHIP 



10-DEC-1980 13:21 



AI:CADR1;UBMAST 



74LS244 
rS 61^ DVR 



GND- 

GND- 

UBMA21- 

UBMA20- 

UBADDR->XBUS L~ 

UBMA19- 
UBMA18- 
UBMA17- 
UBMA16~ 

UBflDDR^XBUS L- 



74iS?44 
rS BUS DVR 



-NC 

-we 

-XA021 
-XA020 



IBMA15- 
UBMA14- 
UBMAi3- 
UBMA12- 



-XA019 
-XA018 
-XA017 
-XA016 



UBMAll- 

IIBHAIO- 

UBMA9- 

UBHA8- 



74LS244 
rS BUS DVR 



-XA015 
-XA014 
-XAOia 
-XA012 



UBAg- 
UBA8- 
UBA7- 
UBA6- 



-XAOll 
-XAOIO 
-XA09 
-XA08 



UBA5- 
UBA4- 
UBA3- 
IBA2- 



-XA07 
-XA06 
-XA05 
-XAQ4 



-XA03 
-XA02 
-XAOl 
-XAGO 



E20 



CBUS 



UNI BUS ADDRESS TO XBUS 



10-DEC-1980 11:36 



AI:CADR1;UBXA 



NOTE: GRANT TERMINATION TO 180 OHMS 
IS PROVIDED BY UNIBUS TERMINATOR 




-DISABLE INT GRANT — ^ 

-CLEAR GRANT 

BR40 LEVELl 

fr^^BRBD LEVELO 

»D BR4D 

BR7D BR5D 

NPRD BR6D 

SACKD • BR70 

NPRD 

GNO 



NC 
NC 
NC 
NC 

HI 1-14 
HI 1-14 

HI 1-14 

-ANY GRANT L- 

CLK L- 



4BIT CTR 
74LS163 



^ — GRANT 



13 03 

12 DZ 

II Dl 

10 DO 



ENB T 
ENB P 



-PE 
-SYNC CLR 
CLKt 



NC 
NC 

NC 



CO I 




UB BG7 IN 



BR4 

NP6 IN L 
UNIBUS INIT IN 
UNIBUS INTR IN 



CBUS 



UNIBUS BUS GRANT 



10-DEC-1980 13:15 



AhCADRI; UPRIOR 



UDI15 
UDI14 
tiDn3 
UDI12 



-UBPN3A 
-UBPN2A 
-UBPNIA— ^ 
-UBFKOA— 12i 



WBUFWE L- 



29701 

TS NON INV 

16 X 4 RAM 



11 01 

12 02 

13 03 

14 04 



-WRITE 



WBUF15 UDIll 

WBUF14 UDIIO 

WBUF13 UD£9 

WBUF12 UDI8 



Jl4j 



Jlj 



29701 

TS NON INV 

16 X 4 RAM 



01 
02 
03 
04 



-WRITE 
'CE 



WBUFll 
WBUFIO 
WBUF9 
UBUF8 



U)I7 — 
UDte — 
UDI5— ^ 
UDI4— ^ 



-UBPN3B — 
-UBPN2B— ^ 
-UBPNIB — 
-UBPNOB— ^ 



.M. 



29701 

TS NON INV 

16 X 4 RAM 



01 
02 
03 
04 



-CE 



WBUF7 
WBUF6 
WBUF5 
WBUF4 



UDI3 
UDI2 
UDIl 
UDIO 



-I5j 



14: 



C27 



29701 

TS NON INV 

IB X 4 RAM 



11 01 

12 02 

13 03 

14 04 



-CE 



WBUF3 
WBUF2 
WBUFl 
WBUFO 



C25 



CBUS 



WRITE BUFFER 



10-DEC-1980 11:37 



AI:CADR1;V/BUF 




XBUS BUSY IN 

XBUS CXTRQ IN 

NC 

XBUS tNTR IN 

XBUS BUSY L 

XBUS EXTRO L 

XBUS EXTGRAMr OUT L 

XBUS INTR L 



XBUS REQUEST 

WWDR PAR OUT ^1 

XA021 
XAOZO 



XADDRDRIVE L- 



26S10 
OC BUS 
XCVR 





1 

2 

3 

-BO 
-Bl 
-B2 
-B3 



-ENB 



NC 
NC 
NC 
NC 

-XBUS RQ 
-XADDR PAR 
-XADDR21 
^ XADDR20 



XAQ19 
XA018 
XA017 
XA016— ^ 



,JZl 



26S10 
OC BUS 
XCVR 





1 

2 

3 

-BO 
-Bl 
-B2 



-ENB 



NC 
NC 
Ifii— NC 

-XADDR19 

-XADDR18 

XADDR17 

^^^— -XAD0R16 



XA015 
XA014 
XA013 
XAOlZ—l^ 



JZl 



26S10 
OC BUS 
XCVR 





1 

2 

3 

-BO 
-Bl 
-B2 
-B3 



NC 

NC 

NC 

NC 

XADDR15 

XA0DR14 

XADDR13 

^ XADDR 12 





26S10 
OC BUS 
XCVR 


L NC 


' 


RESET — ^ 





XAOll 


CLKO — 5i 


1 


i-^NC 


XAOIO 


GND-Jli 


2 


l^ii— XBUS ACfC IN 


XA09 


LM POWER RESET— 13i 


3 


l^t^NC 


XA08 




-BO 


'•^ XBUS INIT L 






-Bl 


^ XBUS SYNC L 






-B2 


^ XBUS ACK L 






-B3 


^^^— XBUS POWER RESET I 




GND-J^ 


-ENB 


XWDRDRIVE I' 



«12i 



26S10 
OC BUS 
XCVR 



2 

3 

-BO 
-Bl 
-B2 
-B3 



NC 
NC 
NC 
NC 

-XADDRll 
-XADDRIO 
-XADDR9 
^S^—- XADDR8 



XA07 
XA06 
XA05 
XA04 



26S10 
OC BUS 
XCVR 





1 

2 

3 

-BO 
-Bl 
-B2 
-B3 



NC 
NC 

Ha^-Nc 

NC 

-XADDR7 

-XADDR6 

-XADDR5 

^ XADDR4 



XA03 
XA02 
XAOl 
XAOO 



-I2L: 



26S10 
OC BUS 
XCVR 





1 

2 

3 
-BO 
-Bl 
-B2 
-B3 



NC 

NC 

NC 

NC 

XADDR3 

XADDR2 

XAODRl 

^ XADDRO 



F24 



F23 



LM POWER RESET L- 




74SM, 
Bi3 



IM POWER RESET 



CBUS 



XBUS ADDRESS TRANSCEIVERS 



10- DEC- 1980 11:52 



AhCADRI; XA 



XAO 0- 
XAO 1- 
XAO 2- 
XAO 3 - 
XAO 4- 
XAO 5- 
XAO 6- 
XAO 7- 
XAO 8- 
XAO 9- 
XAO 10- 
XAO 11- 



12 IN 

PARITY 

93S48 



PE 10; 

PO 9: 



-NC 



XAO 12- 
XAO 13- 
XAO 14- 
XAO 15- 
XAO 16- 
XAO 17- 
XAO 18- 
XAO 19- 
XAO 20- 
XAO 21- 
GND- 



12 IK 

PARITY 

93S48 



PE 10: 
PO 9: 



-XAO PAR EVEN 
-XAO PAR ODD 



XAO PAR EVEN -X?~— XAO PAR ODD 1 

XAO PAR ODD -X? XAO PAR EVEN L 



XAO PAR EVEN- 



-XADDR PAR OUT 



CBUS 



XBUS ADDRESS PARITY 



10- DEC- 1980 11:49 



AI:GADR1;XAPAR 



741^24* 
rS BOS DVR 



XDI31- 
XDI30- 
XDI29- 
XDf28- 

XB-«US L- 



XDI27- 
XDI26- 
XDI25- 
XDI24- 



~BUS31 



-BUS28 



-BUS27 
-BUS26 
-BUS25 
-BUS24 



74LS244 
rS BUS DVRJ 



XDI23- 
XDI22 - 
Xpi21- 
XDI20- 



XDI19- 
XDI18- 
XDI17- 
XDI16- 



74LS244 
TS BUS DVR 



-BUS23 
-BUS22 
-BUS21 
-BUS20 



XDI15- 
XDI14- 
XDI13- 
XDI12- 



~BUS19 
-BUS18 
-BUS17 
-BUS16 



XDIll- 
XDIIO- 
XDI9- 
XDI8- 



-BUS14 
-BUS13 
~BUS12 



-BUSH 
-BOSIO 
-BUS9 
-BUSS 



74LS244 
rS BUS DVR 



XDI7- 
XDI6- 
XDI5 - 
XDI4- 



XDI3- 
XDI2- 
XDIl- 
XDIO- 



-BUS7 
-BUS6 
-BUSS 
-BUS4 



-BUS3 
-BUS2 
-BUSl 
-BUSO 



029 



CBUS 



XBUSTOBUS 



10-DEC-1980 16:06 



Al: CADR1 ; XBD 



NC 

GND 

HI 15-30 

XBUS PAR OUT 



,-12i 



26S10 
OC BUS 
KGVR 





I 

2 

3 

-80 
-Bl 
-B2 
-B3 



-ENB 



NC 

XBUS IGNPAR IN 

m 

^^^— XBUS PAR IN 

NC 

XBUS IGNPAR L 

-XBUS WR 
^-^ XBUS PAR 



BUS31 
BUS30 
BUS29 
BUS28 



26S10 
OC BUS 
XCVR 





1 

2 

3 

-BO 
-Bl 
-B2 
-B3 



-ENB 



XDI31 
XD130 
XOI29 
XDI28 
-XBUS31 
-XBUS30 
-XBUS29 
^ X8US28 



BUS27 
BUS26 
BUS25 
BUS24— ^ 



-iL 



26S10 

oe BUS 

XCVR 





1 

2 

3 

-BO 
-Bl 
-B2 
-B3 



-ENB 



XDI27 
XDI26 
XOI25 
XDI24 
XBUS27 
XBUS26 
XBUS25 
^ — -XBUS24 



BUS23 
BUS22 
BUS21 
BUS20— ^ 



AZl 



26S10 
OC BUS 
XCVR 





1 

2 

3 

-BO 
-Bl 
-B2 
-B3 



XDI23 
XDI22 
XD121 
XDI20 
-XBUS23 
-XBUS22 
-XBUS21 
^ XBUS20 



BUS 19 
BUS 18 
BUS 17 
BUS 16 



Jli 



26S10 
OC BUS 
XCVR 





1 

2 

3 

-BO 
-Bl 
-B2 
-B3 



X0I19 
Xl)I18 
XDin 
XDI16 
-XBUS19 
-XBUS18 
-X8US17 
^ XBUS16 



XDRIVE I- 




CBUS 



XBUS DATA TRANSCEIVERS 



10-DEC-1980 11:50 
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Page 



75118 
iOBKBD 



74LS74 
lOBSER 



F29 



7 4 S3 7 4 
CLK60H 



741.5244 
CLK60H 



f 741.5374 
CLKTGD 



741.5374 
CLKTOD 



F?5 



j 74 393 
CLKTOD 



74 393 
CLKIOU 



F23 



74LS1S3 
CLKTIM 



74LS1S3 
CIKIIM 



i DM8a38 
jIOBXCV 



f20 



75118 
IOBKBD 


X 


E30 


74L5244 
lOBSER 


X 


E29 


74S374 
CLK60H 


X 


E28 


74L5244 
CLKbOH 


X 


E27 


74LS374 
CLKTOD 


1 

xl 


F26 


74LS374 
CLKTOD 


X 


E26 


74 393 
CLKTOD 

XX 



E24 



74 393 { 
CLKTOD 



E23 



74LS193 
CLKTIM 



E22 



74LS193 
CLKTIM 



F21 



74LS138 
1 OB ADR 



E20 



74LS374 
IOBKBD 



D30 



74L5244 
lOBCSR 



74LS244 
CLKTOD 



028 



74LS175 
lOBCSR 



027 

I 74LS08 I 

lOBKBD 
i XXXx! 



74LS163 
lOBGLK 



024 



74 393 
CLKTOD 



D23 



74 393 
CLKTOD 



022 



74L574 I 
lOBSER 



74LS14 
CLK60H 

xxxooo 



74L5374 
IOBKBD 



74L5374 
IOBKBD 



C29 



74LS10 
lOBKBD 



74LS74 
I0BC5R 



74LS109 
IOBKBD 



74LS32 




74 37 


lOBCLK 




lOBCLK 


XXXX 




i 



C26 



74LS244 
lOBMS? 



C24 



I 74LS74 
lOBCLK 



74LS13e 
lOBCLK 



C22 



745163 
CLKTIM 



DUMMY20 
CLK60H 



C20 





74L$74 
IOBKBD 

XX 


B30 




74L5569 
I0BM52 

X 


B29 




74LS569 
I0BMS2 

X 


B28 . 




74L5569 
I0BM52 

X 


B27 




74L5569 
I0BMS2 

X 


B26 




74L556S 
10BM5? 

X 


B25 


74LS569 
I0BMS2 

X 


B24 




74LS8e 
10BMS2 

XXXX 


B?3 




74LS244 
GLKIOD 

X 


■ B22 




74LS138 
CLK60H 

X 


' 821 




74LSt74 
LMUCON 

X 



B2D 



74L5164 
lOOKBO 

X 


A30 


74L5164 
IOBKBD 

X 


A29 


74L5164 
IOBKBD 

X 


A28 


74LS14 
IOBKBD 

oxxxxx 


A27 


74LS86 
I0BMS2 

xxxo 


A26 


74LS14 
lOBMSE 

xxxxxx 


A25 


74LS374 
lOBMSE 

X 


A24 


74LS374 
lOBMSE 

X 


A23 


74L5374 
lOBHSE 

X 


A22 


26LS2521 
tOBM5E 

X 


A21 


25LS2S21 
lOBCSR 

X 
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DM8838 
lOBXCV 



F19 



DM&838 
lOBXCV 



DHB838 
lOBXCV 



74S38 
lOBINT 



F16 



74S38 
lOBCSR 



74S175 
lOBINT 



TDIOO 
lOBINT 



F13 



74S0D 
iOBINr 



74LS10 
I OB INT 



Fll 



DM8838 
lOBINT 



FIO 



DM8136 
I OB ADR 



74S133 
lOBADR 



E19 



74LS244 
LMDATP 



74LS244 
LMDATP 



E17 



£16 



E15 



74$260 
lOBINT 



74S04 j 
lOBADR 

xxxxxxl 

E13 



74LS00 
106 1 NT 



E12 



74LS02 
lOBSER 

xxxx 

Til 



74S08 
LMRCTL 



ElO 



TD250 
lOBADR 



EOS 



74LS244 
LMDATP 



D19 



74LS244 
LMDATP 



018 



74LS244 
LMDATP 



74LS244 
LMDATP 



74S32 
LMRCTL 



D15 



74S112 
LMTURN 



D14 



74S112 
LMTBFC 



D13 



DUMMY 
LMMYNM 



P SIPIOD 
LMMYNM 



Dll 



DUMMY 
LMMYNM 



74 279 
LMRCTL 

xxox 

1m 



74S133 
LMUCON . 


X 


C19 


74LS138 
LMUCON 


X 


CIS 


74LS244 
LMDATP 


X 


C17 


74LS244 
LMDATP 


X 


C16 


74S00 
LMTBFC 

xxxx 


C16 


74SO0 
LMTBFC 

xxxx 


C14 


25LS193 
LMTBUF 


X 


C13 


25LS193- 
LMTBUf 


X 


C12 


25LS193 
LMTBUF 


X 


Cll 


2147 
LMTBUF 


X 


CIO 


9401 
LMTBUF 


X 



74LS164 
LMTURN 



619 



74LS164 
LMTURN 



MC1488L 
I06SER 



Bi7 



MC1489L 
lOBSER 



B16 



74S74 
LMMODU 



B15 



74S04 
LMTBFC 

xxxxxx 



74 166 
LMTBUF 



74 166 
LMTBUF 



612 



TDIOO 
LMDETC 



74S08 
LMTBFC 



BIO 



COO 



74S04 
LMDETC 

xxxxxx 

609 



74LS193 
LMTURN 



74LS193 
LMTURN 



74LS193 
LMTURN 



74LS161 
LMTURN 



EXAR-CL 
lOBSER 



A13 



2661 
lOBSER 



T025 
LMDETC 



All 



74S288 
LMMODU 



74S112 
LMMODU 
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DM8I36 
IOB ADR 


X 


F08 


DM883 7 A 
lOBXCV 


X 


F07 


DM8837A 
lOBXCV 


X 


FOB 


74S251 
LMMYNM 


X 


F06 


74LS161 
LMMYNM 


X 


F04 


74LS16i 
LMMYNM 


X 


F03 


74LS161 
LMMYNM 


x| 


F02 


74S11 
LMMOOU 

0X0 



74S74 
I OB ADR 



E08 



74S37 
I OB ADR 



E07 



74S251 
LMMYNM 



E06 



74S51 
LMRBUF 



EOS 



74S00 
LMUCON 



E04 



74S00 
LMRCTL 



74S15B 
LKLNDR 



E02 



74S174 
LMMYNM 



74S74 
LMRCTL 



74S00 
LMRBUF 



D07 



25LS193 
LMRBUF 



D06 



25LS193 
LMRBUF 



25LS193 
LMRBUF 



74S04 I 

LMTCLK I 

xxxxxxj 



74S10 
LMMODU 



002 



FOl 



74S287 
LMMYNM 



001 



74S51 
LMTBUF 


XX 


008 


9401 
LMRBUF 


X 


CO 7 


74S74 
LMRCLK 


XX 


C06 


74S37 
LMRBUF 

xxxx 


C05 


2147 
LMRBUF 


X 


eo4 


TD250 
LMRCLK 


X 


COS 


74S0& 
LMRBUF 

xxxx 


C02 


74S74"" 
LMDETC 


XA j 



74S02 
LMTBFC 



74LS164 
LMRBUF 



74LS161 
LMRCLK 



BOB 



74LS161 
LMRCLK 



BOS 



TO 100 
LMDETC 



74S163 
LMTCLK 



74S74 
LMDETC 



B02 



74S04 
LMRCLK 

xxxxxx 



74S374 
LMMODU 



74LS164 
LMRBUF 



74S112 
LMTCLK 



EXAR-CL 
LMTCLK 



26S02 
LMRCTL 



DUMMY 
LMLNOR 



A03 



26LS31 
LMLNOR 



A02 



I 26LS33 
LMLNDR 
[ xxxx 



CGI 
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I/O BOARD CADRIO;I06 UML 18--DEC-80 1053 

•*•»• £UGt COWWECTIOKS Flags: (# Output, 8 Terminator,—— Dedicated ground. •»-+++ Dedicated power) ••• 



lAl 
A2 



{Al 
A2 



"M"*"»"*"f+'*"*~*-f4-f+++++4-f+-M- 



+5.0 



81 
B2 


81 
B2 


81 KPG.IN* 

82 -5.0V 


81 

82 -5,0V 



(CI 
C2 



ICl 
C2 



CI 

C2 GliiD- 



Cl 
# C2 



6ND- 



jDl 
D2 



IDl 
D2 



IDl 
D2 -D16* 



|D1 
#|D2 



■BR7* 



I" 
£2 



I El 
E2 



El 

E2 -D14* 



1^1 
* E2 



•BR6* 



Fl NC 
F2 -013* 



# Fl 

# F2 



«C 
-BR* 



|H1 
H2 



HI -Dll* 
H2 -D12* 



it HI 
# H2 



jl 

J2 -DIO* 



# J2 



Kl 
U 


Kl 
K2 


Kl 

IC2 -D9» # 


Kl 

K2 BG7,II»» 



ai 



LI 

L2 -08* 



LI 
» L2 



-XIItT* 
BG7.IK* 



Mi 
M2 


Ml 
M2 


Ml 

M2 -D7* # 


Ml 

M2 B68.IK* 



IN I 
112 



|K1 
N2 



INI NC 
N2 -D4» 



#|N1 
# N2 



NC 
BG6.IN* 



jFl 



[PI 
|P2 



IPl -BOOT* 
P2 -D6* 



PI 
P2 



+12. OV 
BG.IN* 



IRl 
R2 



Rl 

R2 -D1* 



Rl 
R2 



BG.OOT* 



TZ 



I SI 
S2 -DO* 



Tl 6ND— 
12 -D3* 



SI 
S2 



BG4.IN* 



# Tl 
T2 



6ND— — 
BG4.IN* 





m 


Ul 

m -D2* 





02 


V? 


VI 
V2 


|V1 
V2 -D6» 





Mi ■ 

V2 


! 










1 


1 










. 
















, 
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LISPM I/O BOARD 

•••••*• EDGE CONNECTIONS 



-E- 



CADRIO; lOB UML 
Flags: (# Output, 



18-DEC-80 1053 
§ Terminator, — — Dedicated ground, 

-JOl- 



Dedlcated power) 
-J02- 



Ai GND # 

A 2 +5 . 0V+++"M-'«"M-+++++4"M-M- 


Al ' 


01 GND # 

02 INTERFERE* 


01 
02 


Bl 

B2 -6.0V 


Bl 

B2 -5.0V 


03 INTERFERE- 

04 GND # 


03 
04 


ICl -A12* 


CI 


05 RCVR.DATA+ 06 1 

06 RCVR.DATA- 06 | 






Dl -A17* 
D2 -A15* 


Dl -BBSY* #107 GND # 
D2 |08 TRANS. DATA4 # 


07 
08 


El -MSYN* El H SYNC 
E2 -A16* E2 V SYNC 


09 TRANS. DATA- #109 

10 GND #|10 


Fl -A2* 
F2 -CI* 


Fl NC #11 
F2 12 


11 
12 


HI -Al* 
H2 -AO* 


HI 
H2 


13 13 

14 14 


Jl -SSYN» # 
J2 -CO* 


Jl -NPR* 
J2 


15 
16 


16 
16 


Kl -A14* IKl 
K2 -A13* |K2 


17 
18 


17 
18 


LI -All* 
L2 


LI 19 
L2 20 


19 
20 


Ml 

M2 GND # 


Ml -INTR* #21 
M2 22 


21 
22 


Nl GND #IN1 NC # 23 
N2 -Ae* |n2 24 


23 

24 


PI -AlO* 
P2 -A7* 


PI 
P2 


26 


:26'- ' ' 






Rl -Ag* 

R2 


Rl 
R2 


27 GND^- .—*——.-. 

9ft cun-a.—.— >i.»».«^>...-.....'.'.. M 


27 — — ™- -...-•..^ 






SI 

S2 6ND # 


SI 
S2 


29 GND—*- — ^ ^*.— _. g 


29 ............ .... 






Tl GND — — — — #|Ti GND— # 

T2 |T2 -sack* # 


31 GND— — — — ^ — — # 


31 .......w............... 






Ul -A6* 
U2 -A4* 


Ul 
U2 








VI -AS* 
V2 -A3* 


VI 

V2 POWER LINE ** 


35 GND-——— ^— ~ # 


35 .......w............... 

36 .. ^.. .*- .«. 






37 ^^-_-,-...-. 


37 ....... ^..-.-....^.. 








3,8 .... ..... 






"SO >•-.•«......-.<._ — •--.—'_--.» ■■ ' -flO —«•'■« ■■■■_■ -'.'■■■■.:-■■■■' .'■^' ■" \ '"'. 




Al\ ——.,«.—-.-.-»-.-,»«.—*.„_•«,»•*.» *n _.*_,«. ^_«,_ • ^ _ __ _ 










41 .-..-..-.. -. .. ,41 ......... . ....... 




• 


*£ -.«->..--..-.-.——...—. i^.g «.«..-«M-.-. ............. 




1 


M9 .................... zzir ""' 










44 .—................._... 






45 ........ — . — ........ 

AR ...-...•..... — .......... 


45 ...... ^............... 




1 










47 ............^ — ^.... 


47 -....-.- ......... 




48 .-—..-.——— -.-«.-.-.— 






40 ....... ...-.-....-.. , 


49 ..... .... ..... 




1 


50 „..-.. 1 
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LISPM I/O BOARD 

•••*••• EDGE CONNECTIONS 



-J03- 



CADRIO; lOB UML 
Flags: (# Output. 

-J04- 



18-DEC-80 1053 
Terminator, —- * Dedicated ground, 

-J06- 



Dedicated power) 
-J06- 



••••••• 



01 H SYNC 

02 V SYNC 


01 
02 


01 GPIO 

02 GPIl 


01 
02 



03 FHl 
04 


03 
04 


03 GPI2 03 

04 6PI3 04 



05 
06 


06 
06 


05 GPr4 

06 GPI5 


05 
06 



107 
08 



107 
08 



107 GPI6 
08 GPI7 



109 
10 AUD10+ • 



11 KBDCLK+ • 

12 KBDIN+ • 



109 
10 



09 GPI8 

10 GPI9 



(11 6PO0 
12 6P01 



1 09 
10 



# 11 

# 12 



(13 •VERB 
(14 •VERA 



(15 
16 



'HORB 
»HORA 



^HEADSW 
'MIDSW 



19 •TAILSW 
20 



113 GP02 
14 GP03 



15 6P04 

16 6P05 



17 6P06 

18 GP07 



19 GP08 

20 GP09 



U 13 
# 14 



#16 
# 16 



# 17 

# 18 



#|19 
#20 



21 -*—-,—- ....—. 

79 .....^.... ...... ....... 


21 .-^— ..^ ....... 


21 
22 


21 
22 







23 FH2— —- — — 

9 A ................_..._... 


23 ...— ....—..-..-.ri-r- 


23 
24 


23 
24 







J25 .................. . 

26 — _ .. ^.. ,. 


25 -......— .™.—— 

91? - : : ^. 


26 ■' ■'■ ' ' - 


26 


|fcW 


^w -.....--.. 




■26 ------—•■-•———.-.—— 



(27 
28 



127 
28 



29 — — — ..*.... 

30 AUDIO- •-* • — 


29 ^.^ . 29 .—— ..—.-.... -...^ 

30 -^ -.— . 30 -— — .— 


29 —.-,-.-...-.-— r-- 




30 -•«--«——-,.—,....--... 



31 KBDCLK- •———*—— 

32 KBDIN" • -^o >—-><>-••-— <->—> 


31 .-....-. .... 

T9 ........ .-.-.-^....».^.... 


31 .........*..^.^ ... 


31 .........-..........^1. 











33 GND- 

34 6ND* 



37 GND~ 

38 GND- 



(39 6ND- 
40—— 



#133 
#34 



39 
40 



[37 
38 



39 
40 



41 
42 



43 

44- 



45 
46 



1^' 
48 



(49 
50 



35 GND— — — — — # 

36 GNO""--"-—----— —----— ' # 


36 ....^.^ ...^ ....... 


35 ......^ ^-............ 


35 -.^.. ^.^— .^.*...*— . 








36 * — — — i .— — — — 



AI: CADRIO: XOB UML 
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LISPM I/O BOARD 

••••••• EDGE CONHECTIONS 



CADRIO: lOB UML 
Flags: (# Output, 8 

-JOB- 



18-DEC-80 1054 
Terminator, -■ — Dedicated ground, 

-J09- 



Dedicated power) 
-JIO- 



••'••'••• 



01 GPIO 

02 6PI1 


01 GPOO # 

02 GPOl # 


01 EI A DATA OUT #01 

02 EIA DATA IK 02 


03 GPI2 

04 GPI3 


03 GP02 # 

04 GP03 # 


03 EIA RTS OUT # 

04 EIA CTS IN 


03 
04 


05 GPI4 

06 GPI5 


05 6P04 #05 EIA DSR IW [05 

06 GPOS # 06 El A DCD III |06 


107 GPI6 
|08 6PI7 


07 GP06 # 

08 GP07 # 


07 EIA DTR OUT # 07 

08 08 


109 GPI8 09 GP08 #09 09 
|10 6PI9 10 GP09 # 10 10 


11 GPUO 

12 6PI11 


11 GPOlO # 

12 GPOll # 




11 
12 


13 GPI12 

14 GPI13 


13 GP012 # 

14 GP013 # 




13 
14 


15 6PI14 

16 6PI15 


15 6P014 # 

16 GP016 # 




15 
16 


17 GPOO # 

18 GPOl # 


17 GPIO 

18 6PI1 




17 
18 


19 6P02 # 

20 GPOS # 

\ 


19 6PI2 19 

20 6PI3 20 


19 
20 


99 -._«.-»--.=.»-..-.».»»««««.o.«__« 


21 ——.—.-_ 


21 
22 


21 
22 






9A -.—--—»».—.—.-.--.——.-.«.-.— ——- 


" ---::-:":::-:-—— 


23 


P. 1 






• 25 .-.,-_—«— ..—>.-. 


25 . ... . 

28 . 


25 26 






27 _ ^... 


" ::-:-:::::::":::::- 


27 6MD—— ————-# 

28 ————^— ———... 


27 -— ... .—«-.-- ^.. 




28 . —' " j 


29 — — ^— ^— 29 —_-.-..—,-.—.,_-. 


29 .. ———.-..-. 


29 ""■' — ^— — — 








31 -——-«- — 


31 .—- .— .-^ ..-.*- 


31 ..-—.——.— .-.. 


31 ......-....---.„.„.. 1 






32 -~— » |j£ — ^ J 


33 •—— 


33 — ^ .-.>--„_-.-_,. 


34 „>»- . 


33 ^-— ^ —..-.. ,.-^^ 








35 -. . ->*— 


36 .^^.-^ >-»> 


35 ........................ 


35 «,*-...-.^-. -. 








J37 —-*—.— ,^-—— 


37 ^^ ^. 37 ^. ^^, ^.... 

38 — 38 ™ -— 


37 ^ .-^.-.-^„^..-„- 






39 ™.^- — ^,— 139 — — — — ^ ^- 


39 .............. ,39 ..,..„._........ 


^U -»-- «->——.--—— — --. |4U -•--_-.-.-.— —-«-.«-..-.-.„. l^y -,_„^,_„__„«..^ _ „_=.__ J^y -.<-----»-.-.«,-.«««-.«--—« J 






















_ 








aA =.-.—.«—»•-.—.--.».—— —-.IITI «-"'"" 






45 _...-„...._...-...-. 1 
















47 .-,.,-...,.„.._.—.. 1 
















it ::::::::::::':::::::::: 1 
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LISPM 170 BOARD CADRIO: lOB UML 18-DEC-80 1054 

••••••• EDGE CONNECTIONS Flags; (# Output. § Terminator, Dedicated ground. 

-Jll- -J12- 



Dedicated power) 



••••«•• 



01 
02 


01 
02 


03 
04 


03 
04 


06 
06 


06 
06 


107 
|08 


07 
08 


109 09 
jlO 10 


11 
12 


11 
12 


13 
14 


13 
14 


15 
16 


16 
16 


17 
18 


17 
18 


|19 
{20 


19 
20 


21 — ^— ^— — 


21 — ^— — , — ».. 




22 —-.—.-----—--.-.— -,-—-. 


oo ■ «.»._-«.-..-i.»»-_,««,--»«««««_^_' ■ 












OC «». — _-,__-.«»«»,«.»».-««.«.««,w» 










26 


27 - — -,..-*— —w 


27 -.— ... .- 




^g -——-.•-.— -—-.^„„».«„».„ 


29 .— . — . 


29 -^-™-*— * 






33 .- »^ 


31 — — — .„-...w— 








134 »- ^-— ~ 


jj — — — , — ._ . 


34 ^ . J 


35 .—— ,— .-_^.-.^.»_._^ 


35 ..^ , -^— — .. 




36 — --*"^--=-—— ———-»-»- 




37 — .- — ^-.^ 


Ida -^ — =— -_^— 




(39 -~ ^ -— ^ 39 — ^ — — ^— — ) 








1 















vcc 

I 



- <hJFT> 



22UF 
15V 



60 Hz 



± 
I 



E2UF 
!5V 



I. 
I 



H2UF 
t5V 



C2591 




2.5 VAC, 60 m^"^' 
150 ohm scries 



^30 Ohn», 1/4W 

«IC— ^-^^^ft^d] VCC 

;USEO IM IWTCLK BOStl 



PCWER LINE ♦♦ 



GPIO- 

GPIl <Mr2> 

GP12 <SO> 

GPI3 — — <mE3> 
Gri4 <MES> 

GP15 <M3> 

GPI6 < 30P7 > 

GPn~ <mzS> 

GPi8~ -<2!S3> 

GPia- ^05-io> 

GPQO <S03> 

GPOl O05-12> 

GP02— CJ0S-13> 

GP03 <3SEJS> 

GP04- O0fe-15> 

GP05- <50PT6> 

6P06 <iflEiZ> 

6P07 Ofl£Jlfl> 

GP08 -<|SEi2> 

GPOS—^ QSE2S> 



GPro <Jon> 

GPH-~ OqF2> 

GPI2 <MzS> 

GPI3 <3aEl> 

GPI4 ^SE1> 

GPI5 <3fSEfi> 

GPI6 <1E2> 

GPI7 — <MzS> 

6PI8-- <SO> 

GPI9 OQ7-10> 

GPUO GQ7-11 , > 

Gpui <m^ir> 

GPIU — <S7EI1> 

GPiis -<MEB> 

GPU4 (m3s> 

GPri5 — — Oo7-i6> 

GPOO O07-l/> 

6P01 <m3s> 

GP02" CMdL3> 

GP03- <1Z35> 



GPOO <iEI> 

GPO! — <1EI> 

GP02 <ni3> 

GP03 <SE1> 

GP04 <M3> 

GP05 <ISEB> 

6P0& -<ISE2> 

GP07 <3W-T > 

GP08 ~ <IqF!}> 

GPOO <21iEiS> 

GP010 gqs n> 

6P011 ^~- <i08-12> 

GP012 — — cm-ip 

GP013 < J08-i 4> 

GP014 — — <3nEIS> 

GP015 608-l6> 

GPIO --<)08-V;> 

GPii — ~-<Mubia> 
GPI2 -<mzW' 

GPI3 <JMESS> 



-WRITE ^ 

URADOR.'' 2. 

UBADDRl ^ 

-SFI EOT. 764120 ^ 

G«D ^ 



8 WAY 
DECODE 
74LS138 



.S3 
S2 
SI 



-ENB 
-EK8 
ENB 



WC 
NC 

^ LOAD WfERVAL 

^ WRITE GPIO 

-REM) TOD LOW 
READ TOD HIGH 
READ Sa 
READ GPIO 



?4LS244 
rS BUS DVF 



GPIO- 
GPII- 
GPI2- 
GPI3 - 

-READ GPIO- 

GPI4 - 
6PI5- 
6PI6~ 
6PI7 - 



-READ GPIO ^19 -BENB 



-UBOO 
-UBOl 
-UB02 
-UB03 



GPI8- 
GPIO- 
GPIIO- 
6P111- 



74LS244 

rs BUS nvR 



~UB06 
-UB07 



GPI12 
GPM3 
6PI14— — 
GPllS— - 



~UBG8 
-UBOO 

-UBOIO UBIO- 

-UBOll UBll- 

UBI2 ~ 

UBI3~ 

UBI4- 

-UB012 UBI5 - 

-UB013 UB16- 

-UB014 UBI7- 

"UB015 

-WRITE GPIO- 
GND- 



74S374 
OCT REG 



1 CLKt 
tl -OENB 



-GPOO 
-GPOl 
-GP02 
-GP03 
-GP04 



-6P06 
-GPG7 



UB18- 
UBi9- 
UBTIO- 
UBIU- 
UBn2- 
UB113- 

miH- 

UBI15- 



74S374 
OCT REG 



-J 

-J 
13 
14 
17 
18 



n CLKt 
I -OENB 



-GP08 

-GP09 

-GPOtO 

-GPOJl 

-GP0i2 

-GPOl 3 

-GP014 

-6P015 



B21 



I/O BOARD 



60 CYCLE CLOCK & GPIO 



11 -DEC- 1980 19:30 



Ah CADRIO; CLK60H 



UBI3 

mu 
mil 

UBIO 

HI3 

16 USEC CI K 

(Mi 

-LOAD IMTERVAL 



-CRY 
-6RW 



m 



CNT UP 
C»T DN 
CUAR 
-LOAD 



-mc 



UBI? 
UBI6 
UBI5 
tJBi4 
HI3 



-CRY 
-BRW 



CUT UP 
CNT ON 
CLEAR 
-LOAD 



m 



»^IIC 
^^~NC 



UBEll 
UBIIO 
UBfS 

HI3 



-CRY 
-BRW 



CUT UP 
CNT ON 
CLEAR 
-LOAD 



12^IIC 



^^— MC 
^^MC 
^^NC 
i^MC 



UBI15 
UB114 
UBI13 
lJBri2 
HI3 



-H; 



-CRY 
-BRW 



CNT UP 
CNT DN 
CLEAR 
-LOAD 



i^NC 

^ INTERVAL OVER 

-NC 
^^NC 

-NC 
^^NC 



F21 



Ul 



F22 



E22 



HI3- 
INTERVAL OVER L-^S 

LOAD INTERVAL L 



fr~CLOGK READY 



74279 
-R 



-READ TOO 



D09 



MCLKt - 



-CLK TOD BUFFEI^ 



HI3 



0^0 
74LS74 



74LS7 
021 



»^NG 



HI3 



HI3 

£1. 



D^ OF 
74LS74 

C27 



^^NC 



-TOD SSYN 



13h| 
BOARD. SELECT 
^READ TOD SYNC 



GND 
GND 
GND 
GND 



r-li^ 



I USEC CLK— ^ 
-TOD SSYN— 




LSIO 
C28 



cut TOO BUFFER 



HI3--iiM 
MI3- 

MI3-^ 
HT3~ 
MCLKt 



48IT CTB 
74S163 



15; 



13 D3 

12 02 

Tl 01 

10 DO 



ENB T 
ENB P 



-PE 
-DR 
CLKt 



1 USEC CLK 



^^NC 
^^NC 



1/2 USEC CU 



C21 



I/O BOARD 



INTERVAL TIMER 



11-DEC-1980 18:40 



Al: CADRIO; CLKTIM 



743^3 

n 



Tn03 



-.021 



1 USFX CLK 



11- 



CLR 



couwr^ 

CIR 



T0D7 

rem 

10D5 
7004 

Toon 

16 USEC O-KGND 
T003 
rOD2 
IOl>l 
^ lODO 



JIt 



T0D7 ^ COUMU 



GND 



74393 
OIJA! 



loins 

T0ni4 
T0D13 



COUNU 
C!R 



-rODll 

-rooio 

-1009 
-TODS 



T0ni9 — ^^ 
GNO 



74393 
DUAL 



10I3?3 

TOD22 

L2l^T0O2I 



COUWT* 
CLR 



74393 
DUAL 

D 

c 


A 



T0027 — ^ COUNT* 



GND 



U^ 



-T0D19 
-TOOIS 

-rooi7 

-T0016 



T0O23 ^eOUNU 



GNO- 



CLR 



10D31 
TQ030 
T0D29 
T0D28 



T0D27 
'^ T0D26 

roo25 

T0O24 



pl393 
DUAL 

£aaajLB_ 

D 



sei3— ^ 

GND— ^ 



SCL7 
SCL6 
^^^*-~SCL5 
ii2— SCL4 



eOUNT4 
CLR 



— SCL3 

m SCL2 

— SCLl 
— SCLO 



SCLll 
GND 



SCL7 



-^0 



74393 
IXJAL 

CQWifc R 



:ouNr* 

CLR 



COUNT* 
CLR 



SCL15 
SCL14 
SGL13 
SCL12 



-SClll 
-SCLIO 
-SCL9 
-SCT8 



F23 



E23 



E24 



TOOrt - 
TODl - 

ion? - 

rOD3- 
T0D4- 
T0D5 - 
T006- 
T007- 



-CLK lOQ nUFFER- 
-RLAD TOD LO 



7415374 
OCT REG 



-IIBOO T008 

-UBOl T009 

-U802 TOOlO 

-UB03 rooii 

-UB04 T0D12 

-UBQS T0D13 

-UB06 T0014 

-UB07 T0015 



E25 




UB07 sai5- 

UBOe SCLl 4 - 

UB05 SCLt3- 

U804 SCL12 - 



74LS244 
rS BUS DVP 



UB03 SCLll - 

UB02 SCLIO- 

UBOl SCL9- 

UBOO SCL8- 



-UU012 



-UBOll 



-UB09 
-UB08 



D28 



B22 



I/O BOARD 



TIME OF DAY CLOCKS 



11 -DEC- 1980 10:50 



Al: CADRIO; CLKTOD 



<s>- 



GND 

<SI> NC 

<Si> NC 

<I]>- GND 

GND 



•<0t2>- 



4M>- 



<II>- 









-NC 
-NC 
-GNO 



-GND 



-MC 
-GND 



-5V 
-5V 
-5V 



-45V 



<SZ> DO* 

<H2> Dl* 

<Q2>- DZ* 

<n> --03* 

< CWO D4* 

<E> D5* 

<S2> D6* 

<B2> D7* 

<32> —08* 

■CE2> — D9* 

<32> — Dio* 

<Hi> — Dll* 

<az> — — D12* 

<3E2> D13* 

<CS>" ^ ^014* 

4M> ^-015* 

4n> MSYN* 

43D — ssvN* 



C2>- 



-co* 



4M> Ao* 

4E}>— -Ai* 

CED A2* 

<|yE> A3* 

<EnE>- A4* 

^D A5* 

<EH> — A6* 

<££2> — — -- A7* 

<H2> A8* 

4SI> A9* 

4n>- Alo* 

<Bu> All* 

<in> — — Alz* 

^S> A13* 

<in> — — A14* 

^M> — A15* 

<cn> ~A16* 
<EI> AH* 



<3i>- 



<1I>~ 



<M>- 



^my 



^fflO- 



<1Z> BG7 . IN* 

•<Q2> BG7 . OUT* 



<K>- 



<0E2>- 



<12>- 



CE>- 



-BG6.0UT* 



-B65.IN* 



-BGS.OUr* 



< C5g> -B64.III* 

4?rg> BG4.0UT* 

^BD --BBSY* 

•^H> — fNTR* 



<EEZ>- 



-Cl* 



<!!>- 



HEX S PC SLOT 



BACKPLANE CONNECTIONS 



15-SEP-1979 10:41 



AI:CADRIO;HEXSPC 





nM3i36 

UN'inus 

ADR CMP 


): 


DM8336 
UNIBUS 
ADR CMP 




A-B 


A=B 




-A12* i^ 


hisyw*-5Al 


A5 (BUS) 


AS (BUS) 


-A17*^ 


A4 


-Aii*J2i 


A4 


-Aje.md 


A3 


~A10*J^ 


A3 


-A15*-^ 


A? 


-A9* -Si 


A2 


_«J4» Jk 


At 


-A8*-^ 


Al 


-A13* -^ 


AO 


-A7»JLl 


AO 


GnrI^ 


B5 


B5 


g»id1^ 


B4 


GND^ 


B4 


GNDil^ 


B3 


iiislii 


B3 


GNf)~^ 


m 


Hr3-^ 


B2 


vm-^ 


B! 


HI3-^ 


B1 


GMD-^ 


BO 


HI3~^ 


BO 


GND-^ 


-STB 


-STB 



^1 



BOARD. SELECT 



: 764000-764177 





8 WAY 

DECODE 

74LS138 


^^-SFLECT. 764000 








-0 








-1 


*^ -SELECT. 764020 








-2 


I3i-S€LECT. 764040 








-3 


^^-SELECT. 764000 








-4 


^-SELECT. 764100 








-5 


^fi^-SELECT. 764120 








-B 


^ — ^SFLECr. 764140 








-7 


^-SELECT. 764160 




UBADPRe-^ 


S3 






UBADDRS-^ 


S2 








UBADDR4-^ 


SI 










■"■ 5LLLLI .LllAUa 


BOARD.SELECT L-^ 


-ENB 






GM)-^ 


-ENB 








-RESET -^ 


ENB 









E08 



SELECT KRD OR MOIBE L-^ 

CHAOS SSYN L-2^ 

rOD SSVW L-^ 

READ TOD HIGH L-^ 

LOAD INTERVAL L-^ 

READ GPIO L-fii<i \_ 

7, J 74S133 )^^SSYII.OK 
WRITE GPro l- ^ Z y 

READ SCL L-i^ 

SER SSYW L^^ 

HI3^^ 

ms ^^ 

Hy3^^ 



SSYM.OK 



E19 



chaos ssvh-s^?4i^1 
d;!0 




UNIBUS.Ct- 



^^-SSYIIO/T 



I/O BOARD 



UNIBUS ADDRESS 



-READ-^*^74SM, 
^13 




READ 



BOARD.SELECT-^^ S04]>O^fi^B0ARD. SELECT L 

^13 
M 

-DRIVE .UNIBUS L 



SSYM.0K 
Ufr*rSR 




74SM; 
B09 



;Th1s looks useless but 

: causes the initiate- tran!»ii1t 

jread-my-f kludge to win 

-BOARD.SELECT FOR REAL 



11-DEC-1980 18:41 



AI:CADRIO;IOBADR 





8 WAY 
.DECODE 
74LS138 








-0 


^^REAO.KBO.LOM L 






-1 


l^READ.KfiO.MIGH L 






-2 


^^^REAO.MOUSE.Y L 






-3 


^^READ.MOUSE.X L 






~4 


^CLICK. AUDIO L 






-5 


^REF.KBD/MOUSE.CSR L 






-6 


a^Nc 






-7 


^m 


UBA0DR3-^ 


S3 






UBADDRZ-^ 


S2 






UBADDRl-^ 


SI 






SELECT KBD OH MOUSE Ir^ 


-ENB 






SELECT. 764100 L-^ 


-ENB 






HI3-^ 


ENB 







C22 



-SELECT. 764100 L 
4= 



-SELECT. 764101 
M13 



ll'^jy^^j^)^^^-! 



-SELECT. 764100-^ ^ Q ^ 
741 S/4 
SELECT. 764100 L '„ 

C23 

1 USEC cuc-Ss >C -^ JS- 



T 



REF.KBD/MOUSE.CSR L~^ 
WRITE L-^ 



KBD/MOUSE.CSR.CLKt 



REF.KBD/MOUSE.i 

READ i 



.CSR L-^*C( \ - 

J, 74LS32)7^s-READ. 
lEAD L-^^^y 



KBD/MOUSE.CSR L 



•IC-^ 
NC-^ 
MC 
IIC-^ 

HI3ifl4 

Zi 



MI3-^ 
HI3- 
1 USEC CLK-^ 



4BrT CTR 
74LSie3 



TC 



i^NC 



ll^wc 



ENB T 

ENB P 



-PE 
-CLR 
GLKt 



^^NC 
l^NC 



024 



10^ 



JSl 



1 USEC CUC^i^*- » -Op-WC 



0%J 
74LS74 

C23 



il^. 



^ 



HI3 



-KB CLKt- 
HI3- 



M. 



7437 
C25 

7437 
C25 



ICB CLKt 



KB aKt 



SELECT KBD OR MOUSE 



I/O BOARD 



KEYBOARD, MOUSE CLOCK SYNC 



11-DEC-1980 11:09 Al: CADRIO; lOBCLK 



UBI3- 



-RESET- 

KBD/MOUSE.CSR.CLKi- 



QUAD FF 
74LS175 



-CLR 
CLKt 



D27 



D ^ Oi 
74LS74 

CZ7 

-aiCK.AUDtO — 21. >C ^ 2£- 






HI3 



CLOCK INT ENABLE 
HC 



-KBD INT ENABLE 
-NC 



MOUSE INT ENABLE 



^ — REMOTE MOUSE ENABLE 
-REMOTE MOUSE ENABLE 



-AUDIO 



74LSZ44 ^ 
rS BUS DVD 



SER INT ENABLE- 
CLOCK READY- 

KBD mjm- 

MOUSE READY- 



.-READ.KBO/MOUSE.CSR- 



CLOCK INT ENABLt- 
KBD INT ENABU- 
MOUSE INT ENABLE- 
REMOTE MOUSE ENABLE 



-READ.KBO/MOUSE.CSR 19 -BEI» 



! -AENB 



-UB07 
-UB06 
-UB05 
~UB04 



-UB03 
-UB02 
-UBOl 
-UBOO 



-BOOT —131^7450^ 
^3 




HI3 





?5lS252l 
B-BIT CMPR 






-EQUAL 


19—- BOOT 


SR11— ^ 


B7 




SR12 ^ 

SR13 ^ 

SR14— ^ 


BB 
B5 
B4 


;A11 4 Control and 
;Meta kevs on. Top 
land Shift off. 


SRIO ^ 


B3 




SR9 ~ 


B2 




SR8 ^ 


Bl 




SR7 3 


BO 




HU-IZ 


A7 




HI4--JI& 


' A6 




Hl4-ia 


AS 




H14--11 


A4 




eiio— £ 


A3 




GNO ^ 


A2 




GND— ^ 


Al 




GND ^ 


AO 




EOC.KBDt ^ 


-ENB 





MOUSE STATUS CHANGE — ^ 
I® CLKt 
HI3 



S „ 3- 



JO 
LS109 
>C 
C26 



^ MOUSE READY 



T 



-READ.MOUSE.Y 



BOOT 
HI4 



KBD READY— ifl^ 
KBO INT ENABLI 



MOUSE READY 
MOUSE INT ENABLE— 1^ 



CLOCK READY 
CLOCK INT ENABLI 



AZO 



S38 
F15 




KBD.IREQ 



MOUSE. IREQ 



CLOCK. IREQ 



I/O BOARD 



KEYBOARD & MOUSE CSR 



11-DEC-1980 21:51 



AI:CADRIO;IOBCSR 



KBD.IRFQ 
MOUSE. IREO-^^i 
CHAOS. IREQ 
CIOCIC.IRE0 

SER.IREQ 



KRO/MOUSE.lRElh-^ 



SFR.IREO-^ 



IZl 



CHAOS.IRtQ 



CLOCK. TRFQ-i^ 



CLR IREO L- 




J5g, 



-SELECTED L-^K: 



Ell 




CIK* 
-CIR 



SSYN.0UT-5i. 
MASTFR 
MASTER-^ 



rilj 



8838 

UNrBUS 

XCVR 





1 

2 

3 
-BUSO 
-BU51 
-BUS2 
-BUS3 






SSYN.IW 

NC 



^BBSY 
-SSYIi* 

h — iiiTR* 

^^-BBSY* 
^^BG.OUT» 




Z74 CLOCK 

270 CHAOS 

264 SERIAL 

260 KBD/POUSE 



B6.IN- 



DELAY 
20WS INCS 
IDIOO 



20NS 
40NS 
60NS 
SONS 
100N5 



-GRAWTED-^ 

M 



i^NC 
S^NC 

ifi^wc 



-.51 




LSI© 
Ell 



BG.OUT 



-a 



S38 
F15 



GRANTED L-3i^74SM; 
^13 



-BG.IN-^ 



7430$ 
E13 



SELECTED^^l 
HiWSTER^2l 



S38 Wll., 



KBD.IREQ' 
MOUSE. IRE4 





GRANTED 



BG.tN 



SACK* 



-BBSY I 
-SSYN.IN I 



'i>^ 



f 74LS32; 
D25 



KBD/MOUSE.IREO 



IK Ohm, 1/4W 

HI .V — ^-'N^y^rn VCC 




MASTER B 
HI.V 



MASTER B^^ 
HI.V^2l 



MASTER B-^ A ^ 
F15 



-MASTER ^2= 
HI4^ 






GRANTED - 



cj tSOOl^fe M \ 

E12 f i ^ 




I/O BOARD 



UNIBUS INTERRUPT 



11-DEC-1980 10:39 



Ah CADRIO: lOBINT 



GKO — <SE3> 

IMTERfERt+ <1H> 

INTtRFERE- <1E3> 

GND <MB> 

RCVR . OA rA*~-<iO> 

RCVR .DATA <3oFtt> 

GND <SE2> 

TRAWS.DAIA+ <1E1> 

TRAMS.DATA Q8Fg> 

GND— ^01~1Q> 



<Blz2S> <S»D 

<SEZZ>— -GND 
<I2E2li>-— GND 

<Mz2S> GND 

<1EI&> GND 

<1E31>— GND 
<SEl2>~-GN0 

<SE2I> GND 

<1E^> GND 

<Hac^ GND 



LISP MACHINE CHAOS NET CONN TO TRANSCEIVER 



17-DEC-1980 11:10 



AI:CADRIO;IOBJPS 



Console Cable 



:nf COHMfT J3- 23. 30. 31 ,32 
;I»«VN USf rwlSirn-PRIR WtRIWG 



2Z0 pf 
E30«? 




7 



O03-3?> 



KBDIIII+- 
IC8DIN-- 
KBDIN RC 

KB CIKt^ 
DATA BITS^^ 



<lEi> 
411 



fc'v'v~t«,>^ ^ 

<±I> — ' 

<S13> — ? — i 

f Ht ' 



H SYhC 

; SYNC'S ARE MACHINE WIRED 
V SYNC 



75118 
UIFF LINE 
XCVR 



m 



R+ 

R- 

RT 

RC 

RS DIH 

DA D0+ 

OB OP 

OE 00 



a. 



tL 



:tL 





NC-S^ 


75118 
DIFF 
XCVR 


IINE 






R+ 


RP 


12^NC 


"-KBDJN 


NC-Z^ 
NC~£^ 
KC-^ 


R- 
RT 
RC 


RO 


^NC 


KBDCLK- 


AUDIO— Mi 


RS 
DA 


DP+ 
D(H 


^, 




OB 


DP- 


S 


KBDCLK^ 


HHiai 


OE 


00- 


'■4^, 



AUDIO* 



•KUDIN GOES LOW TO START 

-IcaOlN -^^4LSlJ>^ 
^7 




E30 



MECL VIDE(H 



FH? 



n 



-MECL VIDEO- 



CHAR FROM MOUSE- 

nmou MOUSE ehaple-^ 



CHAR TO MOUSE 



KBOtN 
FJRSl BIT 



74LS32 ; 
025 



KBD SR IN 




SRO— ^ 
KB CLKt 
KBDIN 



ill 



J Q 
LS109 
K 
C26 



•K^-O 



S 
74LS74 
B30 
EOC.KBDt— ^>C -^ 



HI4 
Ht4 



S O Pi-KB BUSY 



-KB BUSY 



T 



-NC 



-READ. KBD. LOW 



KB BUSY 

,0-4 



-KB BUSY^^l ^ Q 
74LS74 
630 
KBClKt-^>C -Q 



"1 

Ht4 



-FIRST BIT 



-DATA BITS 



H14- 



KB RllSY- 
KR CLKt- 



74L5164 
S BIT SR 



-CLR 
ClKt 



f3j— SR16 

SR17 
pjr— SR18 

SR19 

SR20 

SR2I 

Slt22 SR16- 

SR23 M!4 - 



741S164 
8 BIT SR 



-CLR 
GLKt 



-SR8 



ror-sRii 

jz SR12 

SR13 

^^SR14 SR8 

SRt5 H14 



95 



-fii. 



74LS164 
8 BIT SR 



-CLR 
CLKt 



rar-sRo 
r-SRi 

njr-sR3 

5i SR4 

~$R5 
— SR6 
--SR7 



SR17- 
SRt8 - 
SR19- 
SRZO- 
5,RZ1- 
SR22- 
.^R23 - 
KBD SR I«- 



EOC.KBOt 11 CLKt 



-READ.KBO.HIGH- 



74LS374 
OCT REG 



-UBOO SR9 - 

-ORQl SRIO- 

-UB02 SRll- 

-UJ03 SR12- 

-UB04 SR13- 

-UB05 SR14- 

-UB06 SR15- 

-UB07 SR16- 



-READ.KBO.LOW- 



74LS374 
OCT REG 



n CLKt 
OENB 



-UB08 

-mm 

-UBOIO 
-UBOll 
-UB012 
-UB013 
-UB014 
-UB015 



SRl- 
SR2- 
SR3- 
SR4- 
SR5- 
SR6- 
SR7- 
SR8- 



74LS374 
OCT REG 



-3 

-I 

~7 

-J 

-13 

-14 

-17 

-18 



n CLK1 
OENB 



-UBOO 
-UBOl 
-UB02 
-UB03 
-1IB04 
-UB05 



-UB07 



A20 



I/O BOARD 



KEYBOARD CONTROL 



12-DEC-1980 02:16 



Al: CADRIO; lOBKBD 



74LS244 
rS BUS DVrt 



GND- 
MOUSE HEADSW- 

MOUSE wmsw- 

MOUSE lAILSW- 



-READ. MOUSE, y- 

WEW VERB- 
NEW VERA- 
NEU HORB- 
mw HORA- 



-READ.MOUSE.X 19 -BENB 



-UB015 
-UB014 
-UB013 
-UB012 



-UB015 
-UB014 
-UB013 



6ND 

am 

GND 

GNO— ^ 

-VERENB 

KB ClKf 

VERUP 

HI4 

MI4 

-READ.MOUSCY- 

HI4 



741S569 
3-S CFR 



CI K CRY 
-TC 



|12- 



U103 
UB02 

L5 uBoi 

ifi UBOO 



-CE1 
-CEP 
CLK1 
UP/DN 
-LOAI) 
-S CLR 



-OUT ENB 
A CtR 



GND 
GND 
GNR 
GND 



JU 



74LS569 
3-5 CTR 



cue CRY 
-TC 



lau 



U — .UB07 
UB06 
UB05 
UB04 



IG 



-CET 
-CEP 
CLK* 
UP/-DW 
-LOAD 
-S CLR 



OUT EMB 
-A CLR 



NC 



GND 
GND 
GND 
GTJD 



74LS569 
3-S CTR 



-TC 



—NC 
iia— NC 



Ife- 



-CET 
-CEP 
CLKt 

UP/-DN 
-TOAD 

-S CLR 



OUT ENB 
-A CLR 



UBOll 
UBOIO 
UB09 
UB08 



OLDVERA ^ 

NEWVFRB— ^ 

B23 

m\Nf^^ — ^ 

K- I I 74LS86 
OUMtRB ^ 




Ol«K)RA--i^ 
NEWHORB 2iJ 



74LSa6 >3^ 



NEIftiORA ^ 

OLDHORB 2^ 



j] 74LS8r)2i---i2£ r4l^l>0l^ 



-HORUP 



"HOREIB 



'^27 



GND 

GND 

GND 

GND 

GND 

-IIORENB 

KB CLKt 

HORUP 

HI4 

HI4 

-READ.MGUSE.X 

H14 



74LS569 
3-S CTR 



CLK CRY 
-TC 



UB03 
UB02 

^ UBOl 

l5_yBO0 



-CET 
-CEP 
CLKt 
UP/-CN 
-LOAD 
-S CLR 



our ENB 
-A CLR 



NC 



GND- 
GND- 
GNO- 
GND- 



74LS569 
3-S CTR 



CLK CRY 
-TC 



\SL 



UB07 

lA UB06 

15 .JJB05 

iS— UB04 



-CET 
-CEP 
CLKt 
UP/-DN 
-LOAD 
-S CLR 



-GUT ENB 



NC 



GND- 
GND- 
GNO- 
GND- 



74LS569 
3-S CTR 



CLK CRY 
-TC 



Ifi uc 

la — nc 

UBOll 
UBOIO 
UB09 
m yB08 



-CET 
-CEP 
CLKt 

UP/-DN 
-LOAD 

-S CLR 



OUT CNB 
-A CLR 



B27 



B28 



B29 



I/O BOARD 



MOUSE 2 



11-DEC-1980 18:46 



Ai: CADRIO; I0BMS2 



*VFRB -<iisEn> 

♦VERA CJ03-i4> 

•HORB <lMii5> 

•HORA <MEE> 

•HEADSW QOazlZ> 

•MIDSW -- 063- p> 

♦TAfisw <sEin> 



GNO- 
GND- 
GND- 
GND- 

GND- 



-<SE3S> 

- <JU3-34> 

•-< jn3-38> 
-< J0^-39> 



lie 

SRI 

SRZ 

SR3 

SR4 

5R5 

SR6 

SR7 



COC.MOUSEt- 
REMOTE MOUSE EIMBLE L~ 



741S374 
OCT REG 



ill CLK» 
-OEWB 



-NEW VERB 
-MEW VERA 
-NEW HDRB 
-NEW HORA 
-»IOUSE HEADSW 
-MOUSE MIDSW 
-HWUSE TAILSW 



NC- 

NEW VERB- 

NEW VERA- 

NEW HORB- 

NEW HORA- 

»«USE HEADSW- 

MOUSE MIDSW- 

MOUSE TAILSW- 



Kfi CLKt- 
GNO- 



74LS374 
OCT REG 



-7 

13 
14 
17 
18 



U CIKt 
I -OEWB 



-NC 
-OLD VERB 



-OlD HORA 



-OLD MIDSW 




■HORB 



♦HEADSW— 3il<;J74l51 
•MIDSW --i3l^4LSi. 

•TAILSW — 22<:Jr4LSl 
"M7 






MIDSW 



TAILSW 



NC 

VERB 

VERA 

HORB 

HORA 
HEADSW 
MIDSW 
TAII^ 



KB ClKt- 
-REMOTE MOUSt ENABLE l- 



74LS374 
OCT REG 



1 CLKt 
-OENB 



-NC 

-NEW VERB 
-NEW VERA 
-NEW HORB 



NEW HORA 
MOUSE HEADSW 
MOUSE MIDSW 
MOUSE TAILSW 



A24 



25LS25Z1 

B-BiT mn 



GNO- 
NEW VERB — ^ 
NEW VERA 

NEW HORB ^ 

NEW HORA 

MOUSE HfJVDSW 

MOUSE MIDSW 

MOUSE TAILSW-— 3^ 

GND 

OlD VERB 

OlD VERA— ^ 

OlD HORB 

OLD MORA 



OU) HEADSW- 

OLD MIDSW- 

OLD TAILSW- 

GND- 



-EQUAL 



ENB 



-MOUSE STATUS CHANGE 



I/O BOARD 



MOUSE INTERFACE 



11 -DEC- 1980 11:43 



AI:CADRIO;IOBMSE 



EIA DATA IN- 

NC- 
EIA DSR m- 

NC- 
EIA CTS IN- 

•IC- 
EIA DCD IN- 

WC- 



MciAog 



in -eui 3-. 



IN -OUT 6s 

HC 



RC 



13s IN 
125 RC 



-OtlTllH 



-TTL DATA IN 



-TTL CTS IN 



-nt DCD IN 



+12V- 
-5V- 
NC- 
TTL DTK GUT- 
HIl- 
TTL RTS OUT- 
HIl- 
TTL DATA OUT- 
HI 1 - 



U -V 



5 INI 

5h Hi? 



)s fNt 
10= rM2 



i2s rtn 
133 in?. 



-OUTll; 



-NC 

-EIA OTR om 



-EIA RTS GUT 



-EIA DATA OUT 



-SELECT, 764 160 L- 



StLECT.764160 I- 



74LS74 
F29 
1/2 USEC CLK — ^^ r> -0 



k« 



T 



-NC 



1/2 USEC CLK— ^1^ 



SELECT. 764160 L— ^^S^ 




74S04, 
003 



HI4 
SELECT. 764160 



RS-232 CONNECTOR 
TERMINAL Ma)EM 



2 
3 
4 
5 
6 
8 
20 
1 
7 
female 



3 

2 

5 

4 

20 
8,20 

6 

I 

7 
male 



<JU»-2> - 
<J09-3>- 

■ ao9-4> - 



-EIA DATA OUT 
-EIA DATA IN 
-EIA RTS OUT 
-EIA CTS IN 
-EIA DSR IN 
-EIA DCD IN 
-EIA DTR OUT 
-GNO 



;Wire across 
.^g[> 



GNO 

rom Xbus by hand 
*1?.V 



a 0^ 

741^74 
F29 

R^ 



-SER SSYN L 



HI3 



UBI7 



KBD/MOUSE.CSR.CLK 



-J2S 



74LS7^ 



l>c,-o 



T 



-SER INT ENABLE 



-SER INT ENABLE 



SER INT ENABU L— ^ 
SER RRDY L— ^2<: 



74LS02>^^s_; 
Ell 



SEB.IREQ 



RtsET-2IlM2 

READ L- 12i^ 

.764160 L 1-liJ^ 

UBADDR2 1QTA13-6) 

U8AD0R1 iZCl&i 

UB07 8(^13-5) 
U806 V . M^-W) 

UB05 wn-m 

UB04 5(A14-&) 
UB03 2(AH - ie) 
UBO?. 1(A14-17) 
UBOi 28(fll4-13) 
UBOo 27CA14'a4J 



UBI7- 
UBI6-- 
UBI5-- 
UBI4 - 

-READ L- 

UBI3- 
UBI2- 
UBIl- 
UBIO- 



OIH OSC 



5.0688 
MHz 



A15 




74IS244 
IS BUS DVH 



I -AENB 



?M(A13-8} 5.0688 MHz 

^^(A13-|5) ni DTR OUT 
?3(A^3-13) |7L RTS OUT 
IZiM^zMXrjL DSR IN 

^^^^ -TTL CTS IN 

^^^^ TTL DCD IN 

^^^ SER RRDY L 

mm NC 

mm -NC 

^^^^■^ TTL DATA OUT 

HA14-1S) jji oAj/v IN 



-UB07 
-UB06 
-UB05 
-UB04 



-UB03 
-UB02 



-UBOl 
-UBOO 



I/O BOARD 



SERIAL COMMUNICATIONS 



11-DEC-1980 11:15 



AI:CADRIO;IOBSER 





























IJBOIS-^ 


8838 

UNIBUS 

XCVR 


^^-UBIIS 


UBOll-^ 


8838 

UNIBUS 

XCVR 


2^UB111 UB07-^ 


8838 

UNIBUS 

XCVR 


^^UBI7 


UB03-^ 


8838 

UNIBUS 

XCVR 


^^-UBI3 














UB014-21 


1 


^^UBI14 


UBOIO-^ 1 


^^UBllO UB06-^ 


1 


i^UBie 


UB02-2^ 


1 


^^— UBI2 


UB013^^ 


2 


*^UBI13 


00)9^^ 2 


"^UB19 UB05^^ 


2 


"^UBI5 


UBOl^^ 


2 


"^UBU 


UB012^ 


3 


^^UBI12 


0808-^ 3 


^^UBI8 UD04^ 


3 


^2i-UBI4 


UBOO^ 


3 


^UBIO 




-BUSO 


ii— 015* 




-BUSO 


il — oil* 




-BUSO 


!i^-P7« 




-BUSO 


ii — o3« 




-BUSl 


U oi4» 




-BUSl 


U — Dio* 




-BUSl 


ll— 06« 




-BUSl 


Lj — 02. 




-BUS2 


lil._D13* 




-BUS2 


!^-D9» 




-BUS2 


I2i-D5* 




-BUS2 


12^-Df 


-DRfVF tmiTRIR— ^ 


-BUSS 


iaL._0i2« 


7: 


-BUS3 


l£i-D8* 


7: 


-BUS3 


lSi.-D4» 


7r 


-BUS3 


iai.-Do* 


-ENB 


-ENB 
-tNB 


-ENB 
-ENB 




SND-9i 


-tm 


fl. 


9-. 


9: 


-ENB 






' 












F20 






F19 






F18 






F17 






-A6* 


8837 
HEX BUS 
RCVR 


— UBADDR6 -INIT* 


8837 
HEX BUS 
RCVR 


RESET 




5: 6: 


i: 6: 


RESET ^fi^ 


S37\-. 




-A5* — 


J: 4: 


UBADDR5 BG.IN* 


J: 4: 


BG.IN 


HI4-^ 


^„Jfi^-ntsa 




-A4« -r- 

caw^ 


1: 2: 


UBADDR4 


Cl» 

GIID — 


I: 2: 


UNIBUS. CI 




7i -ENBB 


7: -ENBB 


NPG.IN* 
np7 fu* 


..«^ ^„ 


. 






-A3* — 




— ^^UBADDR3 


WC 




NC 




11: 10: 


11: 10: 


BG6.IN* 


«^« ^„ 


. 


nr' ««iA 1 




-A2* — 


13: 12: 


UBAD0R2 


lie — 


13: 12: 


NC 






-Al* — 


15: 14: 


— -UBADDRl 


we 


15: 14; 


NC 






GND — 






GND 








U -EMBA 


h -ENBA 


-BR* 












F07 






FOB 










390 Ohm, 1/4W 








GND ^^'^t^lg) BG.lN* 








F0692 




r/0 BOARD 


UNIBUS TRANSCEIVER 


11-DEC-1980 11:16 


AI:CADRIO;IOBXCV 





74LS244 
fS BUSDVR 


UB07 


RDONE 


74LS244 
rS BUS DVF 


UB015 


MY*7 — 


741S244 
rS BUS DVR 


^UB07 


MY*15 


7415244 
rS BUS DVR 




TDONE 


? 18 


Z 18 


I 18 


I 18 


UB015 


TA80RTED 


I 16 


UB06 


CRCERR 


1 16 


UB014 


MY#6— - 


1 16 


UB06 


MY#14 


V 16 


— UBG14 


ntn — 


5 14 


UB05 


6ND 


> 14 


— UB013 


MY^— Is 14 


UB05 


My#13 |b 14 


— -UB013 


RIEM 


J 12 


UB04 


LSTCNT3 


i 12 


UB012 

— UBOU 


My#4 — 
-IIRMY* 

MY/ig — 


3 12 


UB04 


MV*12 


J 12 


UB012 


-IIRCSR 


I -AENB 


I -AENB 


I -AcNB 


I -AENB 




UB03 


ISTCNT2 


UB03 


My#ii 




^^ 


11 9 


11 9 


11 9 


11 9 


— -UBOll 


MATCH. ANY. DEST 


13 7 


UB02 


LSTCNTl 


13 7 


— UBOIO 


MY#2— - 


13 7 


UB02 


MYflO 


!3 7 


UBOIO 


LOOP. BACK 


15 5 


UBOl 


LSTCNTO 


15 5 


UBOO 


M\r#i— - 


15 5 


UBOl . 


MY#9 — 


15 5 


— UB09 


TIMER. lEN 


17 3 


UBOO 


GND 


17 3 


UB08 


My#o — 

-11RMY# 


17 3 


UBOO 


MY#8 


17 3 


UB08 


-IIRCSR 


19 -BENB 


19 -BENB 


19 -BENB 


19 -BENB 
















D16 






D17 






D18 






D19 






74LS244 
FS BUS DVB 


UB07 


RD15 


74LS244 
rS BUS OVR 


UB015 


RBCT7 — 


741S244 
rS BUS DVF 


UB07 


GND 


74LS244 
rS BUS DVR 




RD7 


> 18 


? 18 


I 18 


I 18 


UB015 


RD6 


1 16 


UB06 


RDM 


1 16 


U0014 


RBCT6 — ' 


1 16 


UB06 


GND 


1 16 


UB014 


RD5 


J 14 


UB05 


RD13 


5 14 


UB013 


RBCT5 


5 14 


■ — ims 


GND 


> 14 


UB013 


RD4 


J 12 


UB04 


RD12 


1 12 


UB012 

UBOll 


RBCT4 

-IIRRBTCT 

RBCT3 — 


J 12 


UB04 


GND 


J 12 


UBOIZ 


-IIRRBUF 


1 -AENB 


1 -AENB 


1 -AENB 


I -AENB 




UB03 


RDll 


UB03 


RBCTU 




W)3 


11 9 


11 9 


11 9 


11 9 


UBOil 


W)2 


13 7 


UB02 


RDIO 


13 7 


UBOIO 


RBCT2 


13 7 


UB02 


RBCTIO 


13 7 


■ — UBOIO 


RDl 


15 5 


UBOl 


RD9 


15 5 


^UBOO 


RBCTl 


15 5 


—-UBOl 


RBCT9 


15 5 


UB09 


RDO 


b 3 


UBOO 


RD8 


17 3 


^UBOS 


RBCTO 

-IIRRBTCT 


17 3 


UBOO 


RBCT8 


17 3 


■— UB08 


-IIRRBUF 


19 -BENB 


19 -BENB 


19 -BENB 


19 -BENB 















E17 



E18 



C17 



LISP MACHINE CHAOS NET UNIBUS OUTPUT 



15-SEP-1979 10:47 



AI:CADRIO;LMDATP 



DATA 






3SXII: 



JMIJL 



LOGK L. 
SAMPLE — 
GEHCLK J~ 



AODR CNTR 
RIPPLE 



GND 



i^ 



LOCKOUT tno^^ 

LOCKOUT MIT L^ 



74S74 
D 



-^ ^ 



CLKt 

-cur 

-SET 



-LOCKOUT 



»-25 



EOS 



TTL.D.IM.B 



74S74 
D Q 



W^ 



-Q 



CLKt 
-CLR 
-SET 



BOZ 



,JZe 



-TTL.D.IM.B-l^ 

12] 



JSk, 



74S74 
D 



-« W 



CLKt 
-CLR 
-SET 



B02 



-NC 



J2s 



74S08 
COZ 



TRANSCEIVER DELAYS FALLING 
EDGE MORE THAN RISING EDGE 



SAMPLE should be timed to occur In the middle 

of the data part of the cycle. 

Normally, this will be .75, of the cycle time 

less 15-25 ns, LOCKOUT END should be 5 ws earlier. 



N. [\^^ -CBLBSY Ai3a| \ 

rite sM>OlZiil. SM>0*i __1&[J»»^I 

-^ni U^ni E03 



BOl 

;DELAy TO AVOID OVERLAP WITH -CBLBSY 
:IN THE NORMAL MODE OF OPERATION 



^LOCKOUT INIT L 



* S04>04£ 



^m 



-TTL.D.IN.B 



SM>Ofe L-r-12l SM^>Oi2S-TTL.D.IN.B 



B09 
TTL.D.IN 



SAMPLE-^ 
MI2- 
HI2- 



74S74 
D 



CLKt 
-CLR 
-SET 



<3 5i 



il2i 



6ENCLK END^^ CLKt 



LOCKOUT INIT L-^^ 
EDGE L-1^ 



74S74 
D Q 



-CLR 
-SET 



% 



COl 



COl 



NC 
NC 



ii- 



^^GENCLK END 



DEUY 
20NS INCS 
TDIOO 



20NS 
40NS 
60NS 
SONS 
ICONS 



-GENCLK 



F^NC 
NC 

Ifi^GENCLK END 
=^NC 
^NC 



B04 

JUMPERS 

8 MHz 



5(8) -> 20 ns 12(15) 
3(6) -> 40 ns 4(7) 



4 MHz 



6(8) -> 100 ns 8(11) 
3(6) -> 60 ns 10(13) 



NC 
NC 



^5-llC 
Jl 



DELAY ^ 
20NS INCS 
TOlOO 



20NS 
40NS 
60NS 
SONS 
lOONS 



■-SDLYD2 



^NC 
*^NC 
IflS-NC 
S^NC 
*^NC 



Bll 

JUMPERS 

8 MHz 



NC 
NC 



i^LOCKOUT END 
-SAMPLE 



DELAY 
5NS INCS 
TD25 



5NS 
IONS 
15NS 
ZONS 
25NS 



F^NC 
•NC 
"2^NC 
^NC 
iS~NC 



3(6) -> 20 ns 12(15) . 

4 MHz 
3(6) -> 60 ns 10(13) 



All 



JUMPERS 
8 MHz 



3(6) -> 25 ns 8(11) 
6(8) -> 20 ns 6(9) 



3(6) -> 15 ns 10(13) 
5(8) -> 10 ns 4(7) 



LISP MACHINE CHAOS NET DETECTOR 



13-AUG-1980 09:46 



Al: CADRIO; LMDETC 



; =261532 





Z6LS33 
LINE 

RCVR 


RCVR.DATA— ^ 




RCVR.DATA+-^ 





INTERFERE^-^ 




IMTERFERE—^ 










m^ 




wcl^ 





HI2-41 


ENB 


QHQ^ 


-ENB 



*^~RCVR.DATA.IN L 
INTERFERENCE IN 

^NC 





26LS31 

LINE 

DRIVER 




nL.D.OUI L-^ 



I 
-0 


^^TRANS.OATA- 
^^TRANS.OATA+ 


NC-^ 



1 
-0 


^NC 
^NC 


NC-Si 



I 
-0 


Itt^NC 
il^NC 


NC^ 




-0 


i4^NC 
^NC 


GND-^ 


ENB 




LOOP. BACK L^2i. 


-ENB 





AOl 



RCVR. DATA. IN L-^ AO 
TTL.D.OUF L^ Al 



INTERFERENCE IN^ 80 



GND 



Ifli 



NC-^ 
NC- 



NC- 
NC-^ 



LOOP.BACK-^ 
GND^^ 



gUAO 2 IN 
SELEf 



lELECT INV 
74S158 



CO 



ni 



l£i.T 



-ENB 



-INTERFERENCE 



-C ^^NC 



-D ^^NC 



INTERFERE+ 
RCVR.DATA+--2± 
R.RC 



tS 



T.RC- 



HIl 
Hi2-B± 




^^INTERFERE- 

^RCVR.DATA- 

^R.C 

l2i.Vcc 

'^T.C 

^VCC 

Ifls^vCC 

*3--VCC 



LISP MACHINE CHAOS NET LINE DRIVERS 



17-DEC-1980 12:20 



AI:CADRIO;LMLNDR 



tSREMPTY- 




12i__12l 



DOZ 
MY.lURWt-lls 

TOCLKt -12^ 



74S74 
D 



cut 

-CLR 
-SET 



J— -TSTART 



B15 



HIl-121 


74S74 






-Q 


TBUSY tlil 


Cl-Kt 


TRESET L^ 


-CLR 


SET TDOWE L^ 


-SET 



jz-TDONE 



TBUSY - 

TDATA 0- 

TS3- 

TS2- 

TSl- 



GilD — 15:-CE 



3ZX8 
PROM 
74SZ88 



079 
067 
056 
045 
034 
0Z3 
012 
001 



14: A4 
13: A3 
12: A2 
11: Al 
10: AO 



-NC 
-NC 



TBUSY IN L- 
TDATA- 



FCLKt - 
GND- 



74S374 
OCT REG 



11 CLKt 
I -OENB 



-TBUSY L 

-TDATA D 

-PRECHARGE ENABLE ;C0NSTAllP^*^^ ^"T 
CaLISION-^ 

ABORTDN-^ 
Hll^Si 

-FCLKt - 



-PROM CLOCK 
-0 OUT 
~TS3 
-TS2 
-TSl 




AlO 





74S112 


HnJ^ 


-s 


TBUSY i^ 


J Q 


GHD^ 


K -0 


lESET L^^ 


-R 


-ABORT ^^ 


CLK* 



TABORTED 
^^NC 




TBUSY L-%: 74S0l>S^TBUSY 



TBUSY 
PROM CLOCK — 9^ 



SOO JDfti TOCLKt 

E04 



INIT L 
IICLRTDN e 



SET TDONE L 



D OUT 



^TTL.D.OUT L 



BOS 




TBUSY IN L 



INTERFERENCE L- 
TBUSY L 



74S02 )l«*-COLLISI0« 



LISP MACHINE CHAOS NET SERIAL MODULATOR 



13-AUG-1980 09:46 



AI:CADRIO;LMMODU 



LOJL., 



1000 
ohm 



10-p 
SIP 



BOARD. SELtCT 






MY#1 
2-^^^MY*2 

imiibiD 



1000 
ohm 



10-pin 

sr 



iU2lMY*15 
iUaiMY#14 

^i^^MY^flZ 

^^^^MY/rii 

^X-i^MYfflO 



:SIPS are 750-101-RlK 



GNO 
GliD 
GNO 
GNO 
GND 
GNO 
GND 
GND 



DIP 
SWITCH 



.~/h 



-42: 

1+ —/— 9= 



01282 



GND 
GNO 
GND 
GNO 
GND 
GND 
GND 
GND 



I+- 



DIP 
SWITCH 



1+ -/-43s 

^-^-11. 
+ -^-40= 



MYf.BIT- 

RDATA-^ 

MATCH. ANY. DtST-^ 

PRIWBEG- 

PRBCT4-^ 

PRBCT5-^ 

RSl- 

RSZ^^ 

GUI) Mi 

GND-1^ 



74S287 
256 X 4 
TS PRGM 



AO 
Ai 
A2 
A3 
A4 
A5 
A6 
A7 



LiLL, 



-ENB 
-ENB 



1 RISTAT 
ELECTO ; 
74S251 



MY#1 



JLAl 



-Mi 



AL 



RISTAT 

« ELECTOI 1 

74S251 



-MY<!fl3 



PRBCTZ-^ 
PRBCTl^^ 
PRBCTO- 



-PRBCT3-^ 



*^MY#.BIT 



i^NC 



SEL2 
SELl 
SELO 



-CE 



PRBCT2 -^ 
PRBCTlMi 

PRBCTO^ 



S-2i 



^^MYf.BIT 



SEL2 
SELl 
SELO 



-CE 



ITS. ME J 



E06 



PRBCT3- 




S04 
D03 



EOS 



DEST MATCH 
-SRC STB 



PRBCT.TC- 
NC- 
NC- 
NC- 

PRICLKt- 
HU- 



14: 
13: 
11: 



HEX EF 
74S174 



15: 
12: 
10: 
7: 
5: 
2: 



CLKt 
I: -CLR 



£i 



MY TURN DIFF 
MATCH SO FAR 
RSI 

-RS2 

-PRtWBEG 





NC-^ 
NC-^ 
NC^ 
NC-^ 

Hllltti 
-RACT--^ 

HIl-^ 
-11 .SAYS.GO-^ 


4BIT CTR 
74LS161 


IS^NC 

l^LSTCNT3 
^2i-LSTCNT2 
^LSTCNTl 
^^I^TCNTO 






TC 






13 D3 
12 02 
11 Dl 
fO DO 






ENB T 
ENB P 




sm^ 


-PE 
-CLR 
CLKt 








'^DOZ 




F04 












NC~^ 
NC-^ 
NC-^ 
NC-^ 

Mnlfli 

7: 

Hll-fii 

-CBLBSY L-^ 

PRICLK*-^ 


4BIT CTR 
74LS161 


PRBC 
15: 


T.TC 

NC-fii 
NC-^ 
NC-^ 

10: 


4BIT CTR 
74LS161 






TC 


TC 


iS^NC 




1^PRBCT3 
12i-PRBCT2 
l^PRBCTl 
i^PRBCTO 




13 03 
12 DZ 
11 01 
10 DO 


13 03 
12 D2 
11 01 
10 DO 


U^NC 
12: 




^^PRBCT5 
l^PRBCT4 

D03^ 




ENB T 
ENB P 


ENB T 




7: 


-15iO<SM^ 






9- 




Vi 




-PE 
-CLR 
CLKt 


-PE 
-CLR 
CLKt 






1: 






2: 













FOZ 



-NC 
-NC 
-NC 



SRC STB~1* 
GENCLK-^ 

DFST MATCH^^ 
GENCLK-^ 



soo )d3*-i 



LOAD.MY.TURN L 



RACT 

ITS. ME 4 

-RACT 
MATCH SO FAR 



SOO 
E04 




001 



SIO 
002 



GOT. ONE L 



LOST. ONE 



LISP MACHINE CHAOS NET FIND MSGS DESTINED FOR ME 



13-AUG-1980 09:54 



AI:CADRIO;LMMYNM 



ROCLKt 
RO.FIRSTt 



I 74S08 
C02 



NC- 
NC- 
NC- 
HC- 



15: 3 

I: 1 2 

10: 2 6 

3 7 



RICLKt - 

HIl- 

RRESET- 



25LS193 
U/D CNTR 



-BCmi3: 
-CAR12: 

cot 
cut 

11: -11) 
U: CLR 



-RBCTO 
-RBCTl 
-RBCT2 
-RBCT3 



NC- 
NC" 
HC- 
NC- 



15: 3 

1 2 

10: 2 6 

3 7 



-ROWF.ND L 



25LS193 
U/D CNTR 



-B0R13 
-CAR12; 
I: CDt 

cut 

11: -LD 
14: CLR 



~RBCI4 
-RBCT5 
-RBCT6 
-RBCT7 



NC- 
NC- 
WC- 
NC" 



15: 3 

1 2 

10: 2 6 

3 7 



25LS193 
U/D CNTR 



-B0R13: 
-CAR12: 
CDt 

cut 

U:-U) 
14: CLR 



-RBCTS 
-RBCT9 
-RBCTIO 
-RBCTli 

-NC 
-HC 



D04 



DOS 



D06 







IkRAM 










RBCTll^^ 


DO 


?+ 












All 






RBCTIO^ 


AlO 








RBCT9-^ 


A9 








RBCT8^5± 


A8 








RBCT7J^ 


A7 








RBCT6^ 


A6 








RBCT5-fii 


A5 








RBCT4-S± 


A4 






r , 




RBCT3--*i 


A3 










RBCT2 -^ 


A2 


-r 


WCT 


ta ^ 




RBCTl -^ 


Al 


f 


lACT 


Is 




RBCTO -li 


AO 






>s 




«7 V^s 11+ 






E05 


■4f 


Dl 
-WE 




IM. 


1 ^ RICLKt -At 








^'' GNDl2i 


-CE 









C04 



>S51 , 



RICLKt 
ROCLKt 



J 74S00 
D07 



ABORTSIG- 
RACT- 



..M. 



-5i 



SOD 
D07 



GIID — 
GND — 

RACT — 
-CRC.PRE 



9401 
CRC GEN 



Q IZs 
ERR 13s 

UDIN 
Is CLK* 

s CLR 

s -PRE 
lOsCUE 

s S2 

3 SI 

s SO 



-NC 
-CRCERR 



r 



ROCUt- 
RO.ElRSTt- 



74LS164 
SER^PAR 
SR 



OH 135 

OG 12s 

QF 11; 

QE 10= 

QO 6: 

OC 5; 

QB 4s 

QA 3i 



Is DIM 
Is DIN 



s CLKt 
s -CLR 



-RD7 
-RD6 
-RD5 
-RD4 
-RD3 
~RD2 
-ROl 
-RDO 



x:: 



74LS164 
SER^PAR 
SR 



0« 13s 

QG 12; 

QF 11= 

QE 10= 

go 6- 

OC 53 

OB 4s 

QA 3s 



Is DIN 
DIN 



is CLKt 
-CLR 



-RD15 
-RD14 
-RD13 
-RD12 
-RDll 
-RDIO 
-RD9 



C07 



LISP MACHINE CHAOS NET RECEIVER BUFFER 



13-AUG-1980 09:47 



AI:CADRIO;LMRBUF 





4BIT CTR 
741^161 


^^-CBLBSy A lie -^ 

-ABORTOW— i^ 
9: 


4BIT CTR 
74LS161 


l^NC 

'^ABORION 
^^ABORTSIG 

^NC 




SS-CBLBSY 

ABORTDMiiS 
^ — CBLBSY 


S04>C 

■^1 






TC 


TC 






13 03 
12 02 
11 Dl 
10 00 


13 03 
12 02 
11 01 
10 00 


-CBIBSY A-Ss 
CBLBSY-SS 


^4>d 

SM>Ol 


Jlfl^-ABORTON 


CBlBSy — ^ 


ENB r 
ENB P 


ENB T 
ENB P 




HI2-^ 
TTL.D.IN L-^ 


-CLR 
CLKt 


-PE 
-CLR 

cut 






-RL.D.W.B L-^ 
7- 









-PRECHARGE ENABLE L- 



CBLBSV L-^ 



DELAY 
SONS INCS 
TDZ50 




INPU1 


SONS 
lOONS 
150NS 
200NS 
250NS 


iS-NG 
^NC 



COS 



GENCLK-3S 

PRACT-^ 

74S00 )3S Si 



007 




SIO 
002 



;PRECNARGE IS 
;3 FCLK'S 



-StARTt 



-CBLBSY L-^ 
Hf2- 



74S74 
Q 



CLKt 
-CLR 
-SET 



GENCLIC- 



^^37^1 



PRICUtt 



-PRACT 



-0 3r--PRACT 



-RDGNE 



12^ 



RRESET 
-CBLBSY 



^^y^ 



BOB 



JLU 



jias 



74S74 
Q 



CLRt 
-CLR 
-SET 



TBRITE PREVIOUS BIT INTO 
jHEMORY. THEN CLOCK 
; ADDRESS CIITR. ETC. 



-Q 5r— RACT 



C06 



LISP MACHINE CHAOS NET RECEIVE CLOCK 



13-AUG-1980 09:48 



AI:CADRIO;LMRCLK 



11 RD BF 
-READ.DOWE — ^ 



SOS 
ElO 



-IIRRBUF L- 



ROWEND L- 



-S Q 
74279 
D09 
-R 



TT 



JLs. 



UB^CHS aKt — Ssjrf: ^p~NC 



Hit 



"'9 

74S74 



T 



-UB4CHS CUCt- 



-READ.DONE 



GNP 
-RDONE 



SOO 
C03 
R.RC 


26S02 
A04 



HIl 



-RO.FIRSTt 



WIS PRE-DECREMEilTS THE SILO POINTER 
WHICH THEM POIMTS TO TOE FIRST BIT 



GOT.OIIE L— ISi 



MIT L- 
ll.SAYS.GO L- 



I 74S08 
ElO 




-S Q 
74279 
D09 
-R 



nr- 



RCV BUSY 



CIR RCV BUSY L 



CLR RCV BUSY L 




RCV BUSY 
'RACT 



74S00 /»*— RRESET 

SCLEAR BUFFER ADDRESS. COUNTER 



LISP MACHINE CHAOS NET RECEIVE CONTROL 



13-AUG-1980 09:48 



Al: CADRIO; LMRCTL 



TICLKt - 



SOO Yfis.-. 
C14 I 



INITIAL BIT, START SHIFTING 
IDE. 



^ -TSRIOAD-^ y 



-TSRLOAD-^ 
TIWENDt ^^ 



508 
BIO 



TDONE I 
CWL 



I 74S08 
C02 



..M 



»-4s 



74S74 
D Q 



'CLR 
-SET 



Ji 



:et tsrempty l^^ 

UB-CHS ClXt- 






:WRniNG SOURCE 
:(1IEXT TO LAST WORD) 



t-ai. 




S04 
B14 



GND^ 

IDONE L^ 

S .. . 13; 



74S112 
J-K FF 



-S 
J 
K 

CLK* 




-0 



-TSREMPTY 
^^TSREMPTY 



-S 

J 

K 

-R 

CU* 







-TSREMPTY- 
-UB^HS CLKt- 



RESET L 
TOCLKt 






CW ;WRITING CRC WORD, 



GM 



: WAITING FOR CABLE, 
:0R SENDING MESSAGE 



D13 



B15 



:LOAD SOURCE ft START XMIT 



TDONE L 



74S00 



C15 
;LOAD XMTT BUFFER 




RESETS CRC GEN & XMIT ADR CNTR 



* TRESET 



IJB->TSR 



T.C 



-TSRLOAD- 



73 SOO \>llS.-xsRLOAD: 

^ V CAUSES SSYN.LOAD OF 

C15 

I 



HIZ 



IHl 
Z6S02 
A04 



^_f!«Dj^|£^ ^ .Q ll—sRHJNIBUS 



HIZ 



Ht2-^ 
1 



SRMJNIBUS 



GND- 



74S112 



~NC ;THIS MAKES IT WIN WITH PDPllS 
;IMICN DROP DATA AND MSYN 
jSlMULTANEOUSLY (E.G. LISPM) 

— TSR.SSYN 



15: 



A& 




so4;y>i£- 

B14 



jCLOCK FOR INPUT 
C14 XMIT SR 



74S08 JO** ^^SET TSREMPTY L 

: Avoid various tiung states 



LISP MACHINE CHAOS NET TRANSMIT CONTROL 
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AI:CADRIO;LMTBFC 



NC- 
KC- 



TOCLRt 

TIClKt 

HIl 

TRtSET 





Z5LS193 
U/D CNTR 


— TBCTO 


NC — 


Z5LS193 
U/D INIH 


TBCT4 


NC^ — 


25LS193 
U/D CNTR 




15: 3: 


15: 3: 


15: 3: 




1: 1 2: 


TBCTl 


WC 


I: 1 2: 


— TBCT5 


NC 


I: 1 2: 




10: 2 6: 


TBCT2 


NC 


10: 2 6: 


TBC16 


NC 


10: 2 6: 




J: 3 7: 


TBCT3 


NC 


): 3 7: 


TBCT7 


NC 


h 3 7: 




-B0R13: 






-B0R13: 


-B0R13: 














-CAR12: 








-CAR12: 








-CAR12: 






'*"*-""• 








1: cot 








L~ 


1: cot 








i: cot 




>: cut 
11: -LD 




i: cut 
11: -U) 




»: cut 
11: -ID 




14: CLR 








— 


14: CLR 








14: CLR 



-TBCT8 
~TBCT9 
-TBCTIO 
-TBCni 

-TODN L 
-NC 



C12 



C13 




£^^7):^ 



COB 



C09 



LISP MACHINE CHAOS NET TRANSMIT BUFFER 



13-AUG-1980 09:49 



AI:CADRIO;LMTBUF 



DIP OSC 

32 mz 



A05 



FCLKt - 




S04 
D03 



-FCLKt 



;WIRE TO HI 
;T0 GET IXS 






0: 



74S11Z 



^^-MCLKt 



K ^ -Qp-NC 



OR GND 
RED SPEED 



HI .C -^ 
Hl.C 

«C 



HI.C^ 
HI.C- 

HI,C-^ 

- Zjl 



4BIT CTR 
74S163 



TC 



im T 
ENB P 



-PE 
-CLR 
CLKf 



-ECUCt 






B03 
IK Ohms, 1/4W 
B03§1 



; Used to generate the i usee clock 



4;- 



rZL 



74S112 
<C 



^^FaK/2t 



ECUt - 

-ECLKt- 

ECLKt- 



-UB+CHS CLKt 
— UBH3« CLKt 
— UB->CHS CLKt 



LISP MACHINE CHAOS NET TRANSMIT CLOCK 



17-DEC-1980 11:19 



Al: CADRIO; LMTCLK 



"My Turn" Counter 





74LS193 




74LS193 




74LS193 






-CRY 
-BRW 


12: 


HOST ADR DTFF.7-^ 

HOST ADR DIFF.d^ 

HOST ADR DIFf ,&-^ 

HOST ADR DIFF.4^ 
Sr 


-CPY 
-BRW 


12: 




-CRY 
-BRW 


l^NC 
^NC 




13: 




13: 




HOST Ar)R DIFF.ll-^ 
HOST ADR DIFF.IQ^ 
HOST ADR DIFF.9-^ 
HOST ADR DlFF.eiSi. 




^NC 
^NC 
^NC 
^NC 




^^W.TURNt 
^^NC 
^NC 
i^NC 




HOST ADR DIFF.3-3i 
HOST ADR DIFF.Z^Qi 
HOST ADR DIFF.l-^ 
HOST ADR DIFF.O^ 


D 

c 

B 
•A 


D 
C 
B 
A 


D 
C 
B 
A 


2^NC 
^i-NC 
^NC 


HIZ-^ 


CNT UP 
CNT DN 
CLEAR 
-LOAD 


CNT UP 
CNT DN 
CLEAR 
-LOW) 


CNT UP 
CNT DN 
CLEAR 
-LOAD 




MY. TURN CLKt-^ 




4: 




A' 




GND-^ 




- 




U: 




LOAD MY TURN iM*- 


.. 


.. 










1 











;DEFAULT IS MYTURN.MOO 2«-7 OR 64 USECS 



MY TURN OLFF ^T 



HIZ-2^ 
PRICLK*-^ 



t4LS164 
8 BIT SR 



H 
G 
F 
E 
D 
C 
IN B 
IN A 



-CLR 
CLKt 



j^T-HOST ADR 0IFF.7 
f^HOST ADR DIFF.6 
I^HOST ADR DIFF,5 
fU^-HOST ADR DIFF.4 
rr-HOST ADR DIFF.3 
rr-HOST ADR DIFF.Z 
IT-HOST ADR DIFF.l 
•HOST ADR DIFF.O 



HOST ADR DIFr.7 fZ 



JJ* 



74LS164 
8 BIT SR 



-CLR 
CLKt 



•HOST ADR DlFF.ll 
j|~HOST ADR DIFF.IO 
I--HOST ADR DIFF.9 
5--HOST ADR OirF.8 



HI2- 



,^ 



HI2- 



£ 



-MY. TURN FREO L- 
HI2 - 
FCLK/2t-^ 



48IT CTR 
74LS161 



L5i. 



13 03 

12 D2 

n Dl 

10 DO 



ENB T 
ENB P 



-PE 
-CLR 
CLKt 



^^NC 



LOAD.MY.TURN L 
to: 



>ill. 



vlZl 



S 
74S112 



^^MY. 



-NC 



jyai 




S04 
B14 



-MY. TURN FREQ L 



;1 USEC CLOCK 



A16 



LISP MACHINE CHAOS NET MY TURN TIMER 



13-AUG-1980 09:51 



Al: CADRIO; LMTURN 





8 WAY 

DECODE 

74LS138 






-0 


^^-JIRCSR 




-1 


^-11RMY# 




-2 


^^-IIRRBUF 




-3 


^^-IIRRBTCT 




-4 


^-IWCSR 




-5 


^^-llWfBUF 




-6 


^m 




-7 


l^uc 


UNIBUS.Cl-^ 


S3 




UBADDR2-2^ 


S2 




UBADORl-1^ 


SI 




►LECT.CHAOS-^ 


-ENB 




-UBADDR4 L-^ 


-ENB 




UBADDRB-^ 


ENB 






C18 




-11WCSR-S£< 


: 74S0^>fi^— WCSR 




'^14 







HEX FF 
74LS174 




UBIZ-3^ 


10 


DO 


^MATCH.AMY.OEST 


UBU-^ 


Jl 


01 


^LOOP.BACK 


U8I4-S.'- 


IZ 


DZ 


^^RIEN 


UBI5^^ 


13 


D3 


tfii-TIEN 


TBUSY readback ,intnl3i 
has been f luslieiP*" 

«IC141 


14 
15 


D4 
D5 


^-TIMER.IEM 


WCSR-itL 


CLKt 






-RESEr-^ 


-CLR 







-RESET 
-ll.ZOT 



I 74S08 
BIO 



-INIT 



WCSR^^ 

unn3^ 

WCSR^ 
UBI3^^ 



SOO YOI^-U,; 



G14 
SOO 
E04 



l«ADDR3-^^ 
-11RMY# — 3^ 



UBADDR3 — f^ S04 



-REIWDONE— ^ 

mz— ^ 

H!Z— ^ 

- 4i 




-A3 



IIRRBUF-^ 
-A3-51 



ll.SAYS.GO 



11 RD BF 



IIRRBUF L^^ 74S^>1'^11RRBUF 



HIZ 

-TSR.SSYN 

-IIWCSR 

Hl2-i^ 

-llRRBTCT--il^ 

-llRGSR-l^ 

HIZ-^^ 

-LOAD IWTERVAL-i^ 




CHAOS.IREQ 



74S133 



C19 



RMYf-*^ 
-A3-^ 



-IIXHT 



WCSR^^ 
UBI8^ 



D15 



IICLRTOW 



LISP MACHINE CHAOS NET UNIBUS CONTROL 



16-DEC-1980 22:05 



AI:CADRIO;LMUCON 
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LISP Machine TV Board 



CADRTVaMTV4B UML 
•••• DIP MAP •*••••• 



07-DEC-80 2352 



26S10 
X BOAT A 



26S10 
XBDATA 



F29 



26S10 
XBDATA 



26S10 
XBDATA 



26S10 
XBDATA 



26S10 
XBDATA 



F25 



26S10 
XBDATA 



26S10 
XIU)A|A 



25LS2521 
XBADR 



25LS2521 
XBADR 



F21 



25LS2521 
XBADR 



F20 





74LS299 
RAHSHF 

X 






E30 




74LS374 
RAMREG 

X 






E29 




74LS299 
RAMSHF 

X 




E28 




74LS374 
RAMREG 

X 




E27 




74LS299 
RAMSHF 

X 




E26 




74LS374 
RAMREG 

X 




£25 




74LS299 
RAMSHF 

X 




" E24 




74LS374 
RAMREG 

X 




E23 




74LS299 
RAMSHF 

X 




" E22 




74LS374 
RAMREG 

X 




E21 






74LS299 
RAMSHF 

X 





2118 
RAMD 



D30 



2118 
RAMD 



2118 
RAMD 



D28 



2118 
RAMD 



027 



2118 
RAMD 



2118 
RAMD 



2118 
RAMD 



024 



2118 
RAMD 



2118 
RAMD 



022 



2118 
RAMD 



2118 
RAMD 



020 





2118 
RAMC 


x| 




C30 






2118 
RAMC 


X 




C29 






2118 
RAMC 


X 


C28 




2118 
RAMC 


X 


" CZ7 




2118 
RAMC 


X 


C26 




2118 
RAMC 


X 


" C25 




2118 
RAMC 


X 


C24 




2118 
RAMC 


X 


C23 




2118 
RAMC - 


X 


C22 




2118 
RAMC 


X 


C21 . 




2118 
RAMC 


X 



C20 





2118 
RAMB 

X 






830 




2118 
RAMB 

X 




829 




2118 
RAMB 

X 




B28 . 




2118 
RAMB 

X 




B27 




2118 
RAMB 

X 




B26 




2118 
RAMB 

X 




B25 




2118 
RAMB 

X 




B24 




2118 
RAMB 

X 




B23 




2118 
RAMB 

X 




B22 




2118 
RAMB 

X 




■ B21 




2118 
RAMB 

X 





820 





2118 
RAMA 


X 




A30 






2118 
RAMA 


X 




A29 






2118 
RAMA 


X 


A28 




2118 
RAMA 


X 


• A27 




2118 
RAMA 


X 


A26 




2118 
RAMA 


X 


A25 




2118 
RAMA 


X 


■ A24 




2118 
RAMA 


X 


A23 




2118 
RAMA 


X 


A22 




2118 
RAMA 


X 


A21 




2118 
RAMA 


X 



A20 



AI: CADRTV; LMTV4B UML 
LISP Machine TV Board 
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CADRTV :LMTV4B UML 
•*• DIP MAP •••«••• 



07-DEC-80 2353 



Page 4 



25LS2521 
XBADR 

X 


F19 


74LS240 
XBADR 

X 


F18 


74LS240 
XBADR 

X 


F17 


74LS240 
XBADR 

X 


F16 


26S10 
XBDAIA 

X 


F15 


26S10 1 
XBDATA 

X 


F14 


74S138 
XBCTL 

X 


F13 


25LS2519 
XUCVL 

X 


F12 


74LS244 
COLOR 

X 


Fll 


74S04 
XBDAIA 

xxxxxx 


FIO 


74S257 
COLOR 

X 



74LS374 
RAMREG 



74LS299 
RAMSHF 



E18 



74LS374 
RAMREG 



74LS299 
RAMSHF 



74LS374 
RAMREG 



74LS74 
XBCTL 



E14 



74S00 
XBCTL 



74S374 
XBCfL 



E12 



74S32 
COLOR 



74S139 
XBCTL 



74S241 
COLOR 



E09 



2118 
RAMD 


X 


D19 


2118 
RAMD 


X 


D18 


2118 
RAMD 


X 


D17 


2118 
RAMD 


X 


D16 


2118 
RAMD 


X 


015 


898 -3- R2 
RAMBUF 

X 


D14 


74LS244 
COLOR 


X 


D13 


74S00 
SYNCLK 

xxxx 


D12 


TDIOO 
RAMCAS 


X 


Dll 


74S08 
SYNCLK 

xxxx 


DIO 


74S37 
SYNCLK 

xxxx 



2118 
RAMC 



C19 



2118 
RAMC 



C18 



I 2118 
RAMC 



2118 
RAMC 



2118 
RAMC 



898-3-R2 
RAMBUF 



C14 



74S37 
RAMCAS 



C13 



25LS2539 
RAMCAS 



C12 



74S37 
SYNCLK 



74LS163 
TVMA 



CIO 



74LS163 
TVMA 



C09 



2118 
RAMB 


X 


819 


2118 
RAMB 


X 


B18 


2118 
RAMB 


X 


B17 


2118 
RAMB 


X 


B16 


2118 
RAMB 


X 


B15 


898-3-R2 
RAMBUF 

X 


B14 


898-3-R2 
RAMCAS 

X 


B13 


74S253 
RAMADR 


X 


B12 


74S253 
RAMAOR 


X 


Bll 


74LS569 
RAMADR 


X 


BIO 


74LS163 
TVMA 


X 



2118 
RAMA 


X 


A19 


2118 
RAMA 


X 


A18 


2118 
RAMA 


X 


At7 


2118 
RAMA 


X 


A16 


2118 
RAMA 


X 


A15 


S98-3-R2 
RAMBUF 

X 


A14 


74S241 
RAMBUF 


X 


A13 


74S253 
RAMADR 


X 


A12 


74S253 
RAMADR 


X 


All 


74LS569 
RAMADR 


X 


AlO 


74LS163 
TVMA 


X 



A09 



AI: CADRTV; LMTV4B UML 
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LISP Machine TV Board 



»•«»•» 



CADRTV; LMTV4B UML 
• DIP MAP *•••••• 



07-DEC-80 2353 



10105 
ECLCLK 



F08 



10124 
ECLCLK 



10124 
ECLVID 



DUAL -SIP 
ECLSIP 



F05 



10102 
ECLVID 



10212 
ECLVID 



10136 
ECLCLK 



F02 



10121 
ECLVID 



74128 
ECLVID 

xxoo 


E08 


10124 
ECLVID 


X 


E07 


10124 
ECLVID 


X 


E06 


DUAL-SIP 
ECLSIP 

X 


EQ5 


10141 
ECLVID 


X 


E04 


10141 
ECLVID 


X 


E03 


10125 
ECLCLK 


X 


E02 


DUAL-SIP 
ECLSIP 

X 



74S04 
RAMADR 

XXXXXX 



74S374 
SYNCLK 



74S288 
SYNCLK 



74LS244 
SYNRAM 



74S51 
TVMA 



74S04 
TVMA 

XXXXXX 

D03 



74LS175 
SYNREG 



74S1G 
SYNREG 



EOl 



EXAR-CL 
ECLCLK 


X 


C08 


74LS377 
SYNADR 


X 


C07 


74LS569 
SYNADR 


X 


C06 


74S472 
SYNRAM 


X 


COS 


25LS2539 
SYNREG 

XX 


C04 


74S374 
SYNREG 


X 


C03 


74LS669 
SYNREG 


X 


GO 2 


74LS669 
SYNRtG 


X 



COl 



74S283 
TVINC 


X 


BOB 


74LS377 
SYNADR 


X 


B07 


74LS569 
SYNADR 


X 


B06 


74LS374 
SYNADR 


X 


005 


2147 
SYNRAM 


X 


B04 


2147 
SYNRAM 


X 


803 


2147 
SYNRAM 


X 


B02 


2147 
SYNRAM 


X 



BOl 



74S283 
TVINC 


X 


A08 


74LS273 
TVINC 


X 


A07 


74LS569 
SYNADR 


X 


A06 


74LS374 
SYNADR 


X 


A05 


2147 
SYNRAM 


X 


A04 


2147 
SYNRAM 


X 


A03 


2147 
SYNRAM 


X 


A02 


2147 
SYNRAM 


X 



AOl 



AI: CADRTV; LMTV4B UML 
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LISP Machine TV Board 

*••**•» EDGE CONNECTIONS 



CADRTV ;LMTV4B UML 07-DEC 

Flags: (# Output. 8 Terminator, - 



-80 2353 

— - Dedicated ground, ++++ Dedicated power) 

-C- -D- 



«•••*•• 



Al -XBUS35 

A2 +5.0V++++++++++++++++++ 


Al -XBUS5 If 
A 2 +5 . 0V++++++++++++++++++ 


Al 

A2 +6 . OV+++++++++++-f +-H-+++ 


Al 

A2 +5 . DV++++++4-+++4+++++++ 


jBl -XBUS34 
}B2 


Bl -XBUS4 U 
B2 


Bl 
B2 


Bl 
B2 


CI -XBUS33 CI -XBUS3 # CI 


CI j 




Dl -XBUS32 IDl -XBUS2 #101 Dl 
D2 -XBUS31 #|D2 -XBUSl #|D2-XBUS.RQ H # D2 


jEl -XBUS30 # El -XBUSO #|E1 El -COLOR GLK H U 
|E2 -XBUS29 # E2 -XBUS.PAR |e2 -XBUS.ACK H # E2 


Fl DEVADR 17 

F2 -XBUS28 # 


Fi DEVADR 17 Fl DEVADR 17 

F2 -XADDR. PAR F2 -XBUS.WR H # 


Fl DEVADR 17 
F2 


HI -XBUS27 ft 
H2 -XBUS26 # 


HI -XADDR 21 H 
H2 -XADDR 20 H 


HI -XBUS.EXTGRANT.IN 

H2 -XBUS.IGNPAR H # 


HI -LOAD COLOR OH # 
H2 


Jl -XBUS25 K 
J2 -XBUS24 it 


Jl -XADDR 19 H jjl -XBUS.EXTGRANT.OUT 

J2 -XADDR 18 H |j2 -XBUS.INIT H # 


Jl rLOAD COLOR 1 H # 
J2 


Kl -XBUS23 n 
K2 -XBUS22 # 


Kl -XADDR 17 H 
IC2 -XADDR 16 H 


Kl XBUS. POWER. OK Kl -LOAD COLOR 2 H # 
K2 -XBUS.EXTRQ K2 


LI -XBUS21 U 
12 -XBUS20 « 


LI -XADDR 15 H 
L2 -XADDR 14 H 


LI 

L2 -XBUS. BUSY 


LI 
1-2 


Ml -XBUS19 » 
«2 -XBUS18 « 


Ml -XADDR 13 H 
M2 -XADDR 12 H 


Ml Ml 
M2 -XBUS. SYNC |M2 


|N1 DEVADR 17 Nl DEVADR 17 INI DEVADR 17 INI DEVADR 17 
|N2 -XBUS17 # N2 -XADDR 11 H |N2 JN2 


|P1 -XBUS16 # PI -XADDR 10 H PI PI 
|P2 -XBUS15 » P2 -XADDR 9 H P2 -XBUS.INTR H # P2 


Rl -XBUS14 # Rl -XADDR 8 H 
R2 -XBUS13 # R2 -XADDR 7 H 


Rl Rl 
R2 R2 


51 -XBUS12 # SI -XADDR 6 H 

52 -XBUSn # 32 -XADDR 5 H 


SI 
S2 


SI 
S2 


Tl DEVADR 17— 

T2 -XBUSIO # 


Tl DEVADR 17 - 

T2 -XADDR 4 H 


Tl DEVADR 17 

T2 


Tl DEVADR 17— 

T2 


Ul -XBUS9 # Ul -XADDR 3 H 
U2 -XBUS8 tt m -XADDR 2 H 


Ul -XBUS POWER RESET H # Ul 
U2 m 


VI -XBUS7 # 
V2 -XBUS6 it 


VI -XADDR 1 H 
V2 -XADDR H 


VI 
V2 


VI 
V2 


















1 1 
















1 
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LISP Machine TV Board 

••••••• EDGE CONNECTIONS 



CADRTV ;LMTV4B UML 
Flags: {ff Output. @ Ter 



07'DEC-8I 
linator. — 



2353 
Dedicated ground. 



Dedicated power) 
-J02- 



Al 

A 2 +5 . 0V++++++++++++++++++ 


Al 

A2 +5 . 0V++++++++-I-++++4-++++ 


01 
02 


01 
02 


Bl 
82 


81 
82 


03 103 

04 |04 


CI (CI 


05 
06 


05 




06 


Dl 
D2 


Dl COMP VIDEO OUT 107 j07 
D2 |08 |08 


El lEl -BLANKING (FUDGED) H #109 09 
E2 |E2 TTL video DRIVE #|10 , 10 


Fl DEVADR 17 
F2 


Fl DEVADR 17 
F2 


11 
12 


11 
12 


HI COLOR VALUE # 
H2 


HI MECL VIDEO OUT # 
H2 


13 
14 


13 
14 


Jl COLOR VALUE 1 # 
J2 


Jl -MECL VIDEO OUT H # 
J2 


15 
16 


15 
16 


Kl COLOR VALUE 2 ff 
K2 


Kl COLOR # 
K2 


17 
18 


17 
18 


LI COLOR VALUE 3 # LI COLOR 1 # 
L2 L2 


19 
20 


19 
20 


Ml COLOR VALUE 4 ff 
M2 


Ml COLOR 2 # 21 
M2 22 


21 
22 


jNl DEVADR 17 INI DEVADR 17 23 
|N2 |N2 24 


23 
24 


IPl COLOR VALUE 5 # PI COLOR 3 # 
|P2 P2 


25 125 1 




Rl COLOR VALUE 6 # Rl COLOR 4 # 
R? R2 














SI COLOR VALUE 7 #|S1 COLOR 5 # 
32 |S2 


29 -— — — . 


29 — ^™ — 






Tl DEVADR 17 —• 

T2 


11 DtVADR 17- * — 

T9 


31 -.._._„-_..__ ^... 


31 -„—.——. 1 






Ul HSYNC OUT # 
U2 


Ul COLOR 6 ■ # 

119 








?? :::::::"::":::"":""" 1 






jVl VSYNC OUT 
Iv? 


VI COLOR 7 # 








36 -— — — 


|v<: 










37 . ..__..„.„. J 

4n 1 


, 






• 












41 " 141 -.——.—— 










AQ •««_»_»„___«_._»„„___„__ Mt ___,_«„_«««^ '■_■■_' ■ _ ■ 










45 .«-^„™.. .,, 


45 — -""■ 












47 — 


47 — — ..„ 




4g •--._«—««--«..-..-.«„_..„. 






49 — - — 


49 -.„„.. „...-„. 1 
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LISP Machine TV Board CADRTV; IMTV4B UML 07-DEe-80 2354 

******* EDGE CONNECTIONS Flags: (# Output. § Terminator. Dedicated ground. 



-J03- 



-J06- 



Dedicated power) •••*•• 
-J06- 



01 01 01 01 

02 02 02 02 


03 
04 


03 03 

04 04 


03 
04 


05 05 {05 05 
Oe 06 |06 06 


07 
08 


07 107 

08 |08 


07 [ 

08 1 


09 109 

10 |io 


09 
10 


09 
10 


11 
12 


11 
12 


11 
12 


11 
12 


13 
14 


13 
14 


13 
14 


13 
14 


15 
16 


15 
16 


15 
16 


15 
16 


17 
18 


17 
18 


17 
18 


17 
18 


119 
I20 


19 
20 


19 
20 


19 
20 


21 — — 


21 -.....—.—.-........ 


21 


11 1 






123 — — 23 


23 23 

24 24 




126 —- - — 25 - — - 

126 --.-----— __-_«-_«-— 26 -------------------- 


25 


« i 




^u ._..--.....„_.._-_.«.... ^^ ^. _....__...-.__»._ j 


Uft --!.» I-»— 


27 


27 [27 — 


l«:o 




m —•------«.—- — — ... j2tJ —r — -——-—— — » — — 


129 - — — "- 


29 — 


29 .— _. 


29 — — ..*- 










31 

00 -._-.»_•„•__„_-«»„.«.„.._. 


?i :::::::::::::::::::::" 


31 ..—.—...-_..-... 


31 — — — — 


4^ - - - - 1^^ 






33 ..^ 


33 ^^..- . 

34 -...-.- 


33 — — .——....— 


2? — -- — -— - 1 




34 —--------—------—-— ^^ --—--.---...—-.--.-.».- 1 


35 — _«,--_-^ 

3g .•«...^.».. -....-«...__.. 


35 -^ 


35 _. 35 ....... . ... 






jU .. — ..-...„._.......... jg ...... .... — -__...-. 


37 .- ... 


?' :----:--::::---::-- 


37...- 


37 — 

38 ,-«- . ^— «.-_. 






39 , -. 39 „ . 


it -—' 


39 — — 

40 — — » — 




1 


A1 -—«•...— -.-.....-......■ 


Ti" : ", ■-.. ^- 1 




41 ..-—...,.-....- 


^^ .- — --.......___-.....„.„ ^^ _ , _„„_„„ — .. . J 


1 


^0 ......._.^.„. ........... JO »._..._...._. ....■11,-_1_^_ 










45 .-.-..-..—..,...... 


45 — [ 


, 










Ay ...-.' .. ■ — 1'" ■■ ■••••_'•■ ' " 1 




47 ^ 


■ ' , , 












en ..«.«. ......._..;._^..._ 


49 ._.....—.........-.. 1 
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LISP 



Machine TV Board 
•*•♦• EDGE CONNECTIONS 



CADRTV; LMTV4B UML 07-DEC-80 2354 

Flags: (# Output. © Terminator. — -- Dedicated ground, ++++ Dedicated power) 

-J08- -J09- -JIO- 



01 
02 


01 
02 


01 
02 


01 
02 


03 
04 


03 
04 


03 
04 


03 
04 


05 05 105 

06 06 |06 


05 
06 


07 
08 


07 
08 


07 .107 

08 |08 


09 09 09 

10 10 10 


09 
10 


11 
12 


11 
12 


11 
12 


11 
12 


13 
14 


13 
14 


13 
14 


13 
14 


16 
16 


15 
16 


15 
16 


15 . 
16 


17 
18 


17 
18 


17 
18 


17 
18 


19 
20 


19 
20 


19 
20 


19 
20 


21 —' - — 121 — — — — 


21 


U 1 




ZZ \c£. 1 




23 123 

24 124 


24 


<-o - - - — — 


24 






25 


25 












26 ——--<-•—-——-——-— 


27 


27 . ^— 


" :::-:::--:::::::::::::- 


27 -. — _— 






2g --.----•.-.-.-«-—-.-.——- — 


29 


29 - 29 — — — — .— — — 


29 — 






30 «-. — _«««-».,_«.«-.«•-.._«— 


31 ^- -*— 


3j > 


31 

09 . . 


?l - 1 






32 \ac 1 


33 — — ^ — . 


?? ::::::::::::::::::::::: 


33 .- « ^._- 33 . . 


6A - - — — 1^, 


34 -«-«^-. -,_._• ». ,34. „„__.^«_>-. — ._«_-. 


35 — — ^— 35 .-.. 


35 — ^.— — — 


36 - — 






36 j 


37 _ — -.- 


37 - - — — 

■a.o 


37 — - 

38 — - 


37 -....— 


je » ^^ 


38 --—--—--— -————•^- 


39 ^— 39 - — • 39 — 


39 . , 






































iff _ r -.- - _-.«_«-.- _ T 


Afi -.•_-„„—.-___«»_»_.«. 


1! ::::::::::::::::::::::: 


1 


4^ -.._ ... j^^, __ _ _ J 




^ 






1 














49 -...-„-...-„„—_..- 1 
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LISP Machine TV Board CADRTV; LMTV4B UML 07-DEC-80 2354 

•**•*•• EDGE CONNECTIONS FVags: (# Output, § Terminator, — - Dedicated ground, ++++ Dedicated power) 



101 
|02 


01 , 
02 


03 
04 


03 
04 


05 
06 


05 
06 


07 
08 


07 
08 


[09 

|io 


09 
10 


11 
12 


11 
12 


13 
14 


13 
14 


15 
16 


15 
16 


17 
18 


17 
18 


19 
20 


19 
20 


22 ——---------.--——.—-.---- 


21 — ..—„..«. 






23 - 

24 —---»------—-.--.—-.•«.-.- 


23 — — — 






Ill ::::::::::::::::::::::: 


25 1 




26 —- — — ^ — j 


27 .- ^.— 

28 -—-----.-.-•-.---.—».---.-.»- 


27 - — — 






29 _--.—_ 

30' ------—----«---—-* 


29 ^— — -_«>. 






31 — ->- .^^. 

32 -.-—--.-.-. ._-_„._.»-.«_ 


31 — -— 






j33 — 


33 — ..-.*_^-_— . 






135 -— 


35 — — 


j^t, 


36 — --~---^—- ----— --— — . 


37 _*-__ 


37 . ._ 






39 . 

Aft ------- — -- — — - — ««--.-. 


?» ::::---:::::"——'-- 1 


4U - ^u , 


i 


1 

















vcc vcc vcc vcc vcc vcc 

I 22UF I 22UF I 22UF | 22UF j 22UF j 22UF 

J- 15V J^ 15V JL 15V J_ 15V J_ 15V JL 15V 

I F3081 J_ P2791 JL F2491 ^JI ^H®! I "09§1 ^ D0381 



GWD- ^ m^p g^.ZV GWD-i± |.l uFp g^.2V GWD- ^ .1 uF p ^^.^y GWD -^^T^JT^^ . 2V giTO -- ^THT^ -^ . 2V gWD -- ^TuT^ -^ . 2V gWD ■J-± |Tl^F^ 4 . 2V 

5.2V— ^BUSBAR l ^i^C -5.2V-i|^ARpI^C -5 . 2V - ^BUSBAR^ ZIUcC -5.2V-~ ^BUSBARp ^C -5 . 2V -l^^B^fi^^Jbc -5 . 2V — ^- JBUSBARl ^tZ^JbC -5 . 2V ~J ^BiiBAR) Zi2^A:C 
E07ei E0681 E0591 Fn4Sl F03»1 Fn7Bi Fniai 



F0282 



cm- ^A uff ^^.zy 6MD-> ^.iuFp a%.2v G»iD-i±jTr£fa%.2v gnd -JifTT^Tf^ (^ jL± j-Jur^ -%.2v 6«D~i± fT^F> ua%.2v Gim-^± fT^F> a^-%.2 



-5.2V-1 ]bUSBAR^ ^^A:C -5.2V~~ ^BUSBARp Afec -5.2V -- ^BUSBAR P ^C -5 . 2V - ^BAR^ A^C -5.2V--^^|^ARpI\fcc -5.2V-~l ]BUSBARp A)bC -5 . 2V -i|B^ARp«\fcc 



Foeei 



F0581 



F0281 



F0B§2 



GNo-i±jTrurfxia%.2v 



-5 . 2V — ^BUSBAR p ^C 
F0881 



SHOULD BE USING 
GROUND CLIPS ON PIN 2 



<H2>VEE- 
«^g2>VEE- 



-5.2V 
-5.2V 



USE . luF DIP CAPS NEXT TO EVERY OTHER MEMORY CHIP 



LISPMTV 



Bypass Caps 



7-FEB-1981 12:34 



AI:CADRTV;CAPS 



74LS244 
rs BUS DVR 



SHF 0- 
SHF 1- 
SHF Z- 
SHF 3- 



-LOAD COLOR L ^19 -BLNB 



-COLOR 
-COLOR 1 
-COLtih 2 
-COLOR 3 



Fll 



TRISTATE 

2-1 SELECT 

74S257 



SHF 0-1^ 
SHF 4-i^ 



SHF 1- 
SHF 5- 



SHF 2- 
SHF 6- 



SHF 3- 
SHF 7- 



CLKO 64B SR-^ 
-LOAD COLOR L-^^ 



-ENB 



-caoR 5 



-COLOR 7 



XDI 7^^ 
XDI 6-1^ 



LOAD. COLOR L-^^ 74532 
ACK WRITE L-^ Ell 



-15: 



4 WAY 
DECODE 
74S139 



-3 
-2 
-1 
-0 



SELl 
SELO 



i^NC 

l^LOAD COLOR 2 L 

J^LOAD COLOR 1 L 

^^LOAD COLOR L 



ElO 





741^244 
rS BUS DVR 




XDI 


I 


18 


—COLOR 


XDI 1- — 


1 


16 


COLOR 1 


XDI 2 


i 


14 


COLOR 2 


XDI 3 


i 


12 


—COLOR 3 


LOAD COLOR L 


I -AENB 




XDI 4 


11 


9 


COLOR 4 


XDI 5 


13 


7 


—COLOR 5 


XDI 6 — 


15 


5 


COLOR 6 


XDI 7 


17 


3 


COLOR 7 


LOAD COLOR L 


19 


-BENB 







74S241 

rS BUS DVR 




XDI 8 — 


I 




18 


COLOR VALUE 


XDI 9 


* 




16 


—COLOR VALUE 1 


XDI 10 3 




14 


COLOR VALUE 2 


XDI 11 J 




12 


COLOR VALUE 3 


GND 


I 


-AENB 






XDI 12 — 


11 




9 


COLOR VALUE 4 


XDI 13 — 


13 




7 


—COLOR VALUE 5 


XDI 14 


15 




5 


COLOR VALUE 6 


XDI 15 


17 




3 


COLOR VALUE 7 


HI3 


19 BENB 





D13 



LISPMTV 



Color Map Interface 



7-DEC-1980 22:51 



AhCADRTV; COLOR 



16 MHZ CLKO 
CLK aR TC I 






i_r 



I ^ I ^ I 



12 MHZ CLKO 
CLK CTR TC L 



VIA. 



4,3|2,l,0i4,3.2,l,0 



I ^ ' ^ I ' ' ° I 



1 _r 



1^ 



"L_r 



10125 
ECL to TTL 



NC--itm 
NO -^UZicj -10 

Nc_£tmicj-ii 

12 



-CLK CTR 1 L- 



MECL VIDEO— ^^^Sic 

mi) 



11(5) 



m^)i 



15(9) 



10 



11 



13 
-13 
VBB 



HU) 



HIS) I 



NC 



izm ■ 



16 WK CLKO 



13(7) 



ni VIDEO L 



-CLK CTR 2 L- 



, 9(3) 



-CLK CTR 1 L lPt4) c 
-CLK CTR L lltS) <: 




10124 
nL to ECL 



CLOCK MODE 5(15) 
CLOCK MODE l-MXL 



Dll' OSC 
MOTOROLA 
K114A ___ 
64 MHZ Bi^ 
TTL 



8B SR LOAD ^^t4) 



ncs) 



r 6(16) 



n 



liU) I 



EO Am-Nc 



El 
-El 
E2 



MECL CLOCK MODE 



^^^^^ MECL CLOCK MODE 1 
33(13) MECL CLOCK MODE 1 L 



NC- 
MECL CLOCK MODE 1- 



5(15) 



5(16) 



E2 »12ifii— MECL 88 



LD L 



t4(a) I 



NC 



E3 ^ 13(7^ 64 MHZ CLK I 



E07«ll 



-MECL CLOCK MODE 1— 
NC 



■ 11(5) 
I 12f61 



W(4)< 



-2t3i 



CLK CTR TC L- 
NC- 
64 MHZ CLK L ^3(7) 



urn 



10136 
4B UP/DN 
COUNTER 



CRY OUT 
D3 03 
D2 02 
Dl Ql 
DO QO 
CRY IN 



Id 

1 up 

2 dn 

3 Hid 



>^(14) 



■NC 



^xm^Nc 

■^ ^^^ CLK CTR 2 
^5(9) ct^K CTR 1 
^^t6) CLK CTR 



LISPM TV 



MECLCIock 



7-DEC-1980 22:49 



AI:CADRTV;ECLCLK 



NOTt: fnstall with pin 1 down 



HQll: Install with p1n 1 down 





DUAL-SIP 






OUAL-SIP 






121/195 
Dual 75 
Ohm SIP 


^^— MECL SHF 6 


NC^ 


121/195 
Dual 75 
Ohm SIP 




MECL SHF 0-1^ 


T T 


T T 


^^MECL BLANK 


MECL SHF 1-i^ 


T T 


^^—MECL SHF 7 


WC^ 


T T 


^^MECL 8B LD L 


MECL SHF 2-1^ 


T T 


i^8B SR 


MECL CLOCK MODE O^^l 


T T 


i^MFCL VIDEO 


MECL SHF 3-i^ 


T T 


»^-8B SR L 


MECL CLOCK MODE l-^^^- 


T T 


^^MECL VIDEO L 


MECL SHF 4-lii 


T T 


^^64 MHz CLK L 


MECL BCW-li^ 


T T 


^^8B SR SHIFT L 


MECL SHF 5-^ 


T T 


i^m 


MECL BOW L-1^ 


T T 


^^86 SR LOAD 1. 



£05 



NOTE: Install with pin 1 down 





DUAL-SIP 






121/195 
Dual 75 
Ohm SIP 




MECL CLOCK MODE 1 l-^^ 






^NC 


8B SR 4-^ 






^•^NC 


CLK CTR TC L-^ 






^NC 


CLK CTR 2-i^ 






^NC 


CLK CTR 1-^ 






^^NC 


CLK CTR 0-1^ 






t^NC 



INSTALL 121 OHM SIDE OF SIP CONNECTED TO PIN 10 
THE "MC SIP PINS SHOULD MEASURE -2 VOLTS 



LISPM TV 



MECL SIP Terminators 



8-DEC-1980 00:12 



AI:CADRTV;ECLS!P 



CLOCK MODE 
10 MHZ. MODE 



00 
Ot 



10 
11 



64 
32 
(OR 
12 
12 



CPT 
M4408 
16 MHZ COLOR) 
525 LIME 
COLOR 





- ^ ^<^) MCCL SHF 
^^^^^ MFCL SHF 1 

:>^aa»Nc 



15(9) 



MECL SHF 2 



^^^Q ^ MECL SHF 3 
E3 :> ^3(7) we 




8B SR SHIFT L 



23(7) 



12(6) 



NC 
MECL SHF 4 
MECL'SHF 5 ^^t5) 
MECL SHF 6 — ^^ 
MECL SHF 7-^^^^ 

NC-^J^ 



10(4) 



7(17) 



SR LOAD L 64 MHZ CLK L-*^^ 



10141 
4B SHIFT 



SHF IN 

00 QO 

01 01 
D2 02 
03 03 
SHF IN 



H(8) 



1 up 

2 dn 

3 It Id 



15(9) MC 
^U2JL.NC 
imjL-NC 



EO p-l^i— MECL SHF 4 
-NC 

MECl SHF 5 
El ^atU)— NC 
E2 ^^^^i— MECL SHF 6 
f2:>12iSX-Nc 

t 4(8) Mgci^ SHF 7 
NC 



13(7) 



12(6) 



NC 
MECL SHF 
MECL SHE l—UXSi 
MECL SHF 2 
MECL SHF 3 



-sm 



6(16) 



5(15) 



10(4) 



7(17) 



4(14) 



10141 
4B SHIFT 



SHF IN 

DO QO 

01 

02 

03 03 

SHF IN 



14(8) 



SI 



Id 

1 up 

^" 3 hid 
CLK 



8B SR 
NC 



..&ll5aJF04811> 



U2JL 



•8B SR L 



01 t^^taX^NC 

02 -t^^^ NC 

ioa-Nc 



£04811 



E03911 



^ 10124 
TTL to ECl 



MODE BOW-^t^ 



7(17) 



BLANKING (FUDGED) L- 



NC- 



11(5) 



HI 



6(16) 



EO ^^^^^ MECL BOW 
EO D ^( ^^) MECL BOW L 
Fi 1(11) 



12 E2 



13 E3 

-E3 

ENB 



•NC 
-Elb3I13X~MECL BLANK 



15(9) 



-NC 



-gg[o l2(6) Mc 

4j 



NC 

o3m} — NC 



F06911 



-8B SR L- 
-MECL BOW L 




TTL VIDEO L- 



^tUl—MECL VIDEO 

MECL VIDEO OUT 
MECL VIDEO OUT L 



MECL VIDEO L 



-BLANKING DLY I 
TTL VIDEO I 



I74S37 
Cll 



TTL VIDEO DRIVE 



2=1 •^ 2Z unms 



HSYNC OUT-^ 
VSYNC OUT 



74128 
E08 



^ 



-COMP VIDEO OUT 




22 Ohms 



NO CONNECTION TO PIN 20 



LISPM TV 



MECL Video 



7-DEC-1980 22:44 



AL-CADRTV;ECLVID 



GND— SHF IN 

GND SHF IN 1 

GNO SHF IN Z 

GND SHF IN 3 

GND SHF IN 4 

GND— SHF IN 5 

GND ^^SHF IN 6 

GND SHF IN 7 



MAPADR 15 MAP APR BANK 

ADR 15 -AOR BANK SEL 

ADR 14 RAM ADR IN 13 

ADR 13- -RAM ADR IN 12 

ADR 12- r—RAM ADR IN 11 

ADR 11 RAM ADR IN 10 

ADR 10 RAM ADR IN 9 

ADR 9-- RAM ADR IN 8 

ADR 8 —RAM ADR IN 7 

ADR 7 —^RAM ADR IN 6 

ADR -RAM ADR IN 5 

ADR 5 RAM ADR IN 4 

ADR 4 RAM ADR IN 3 

ADR 3 -RAM ADR IN 2 

ADR 2 RAM ADR IN 1 

ADR 1 —RAM ADR IN 



LISPM TV 



Customize for 4- bit Version 



7-DEG-1980 22:44 



AI:CADRTV;GEN4B 



A3-i2tm| 

A5-12a 



RAMA 
RAMA 
RAMA 
RAMA 
RAMA 
RAMA 
RAMA A6 ^^tT) 



XDI 
-RAMA RAS ^tH . y 



-RAMA CAS-J^^itai 
-RAMA WE 3(13) 



2118 
16KX1 
RAM 



AO 
A] 
A? 
A3 
A4 
A5 
AB 



-RAS 
-CAS 
-WE 



5(1!?) 



7(17) 



6(1^) 



1P.((?) 



JLim 



W4) 



13(7) 



Dc^i^ 



A30811 



XDI 1 
4011 



■oatoi 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A3 



-RAS 
-CAS 
-WE 



5( 1 &) 



7(17) 



-mm. 



12(6) 



_mii 



ip(») 



13(7) 



Do^^iaJ 



A28S11 



XDI 2 

ion 



15(9) 



atm 



2118 
16ICX1 
HAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



, 5(1 5) 



7(17) 



MlSh 



12(6) 



vm 



j.mi 



-IKli 



ooimxl 



A26811 



2(12) 
XDI 3 



4(14) 



X5(9) 



3(13) 



2118 
16KX1 
RAH 



AO 
Al 
A2 
A3 
A4 
A5 

m 



-RAS 
-CAS 
-WE 



-.5U1 



7(17) 



jiUfa 



12(6) 



11(5) 



-iaai 



13(7 



>i„ o^iMM.: 



RAM 3 

J 2(32) 
XDI 4 



MW. 



15(9) 



3(13) 



2113 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



_£(JLM 



7(17) 



6(10) 



1?(6) 



lu^ : 



10(4) 



13(7) 



D,maJ 



A22§11 



|-2tmy 



4(14) 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



6(15) 



7(17) 



6(16) 



,1 ^ (8) 



11(5) 



-inai 



13(7 



.«i4tajJ 



XDI 6 



4(14) 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5fl 5 ) 



7( 17 ) 



6(16) 



U(6) 



11(5) 



10(4) 



13(7) 



D^msx} 



A18§11 



XDI 7 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
AG 



-RAS 
-CAS 
-WE 



Dol^ifiJ 



A16911 



6(16) 



RAMA A0~5^^^ 
RAMA Al-^Xil 
RAMA A2 
RAMA A3 

RAMA A4--^^ 
RAMA AS ^P<^^ 
RAMA AB—^2lll 



12(6), 



jzua, 



XDI 8 

-RAMA RAS-^^^ 

-RAMA CAS ^ 5(9) 

-RAMA WE 3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15) 



7(17) 



6116) 



12(6) 



llfS) 



10(4) 



jiaai 



RAM 8 



Oo^iifiJ 



2(12) . 
XDI 9 
iUll 



15(9) 



3(13) 



2118 
ICKXl 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 

-WE 



..■5(15)1 



7(17) 



6(16) 



12(6) 



11(5) 



16(4) 



13(7) 



--, RAM 
Do^^ 



XDI 10 
4(14)| 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-GAS 
-WE 



5(15) 



7(17) 



6fl6) 



12(6) 



11(5) 



■ 10(4 



13(7.) 



RAM. 10 



DcWmJ 



XDI 11 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15} 



7(17) 



6n6> 



12(6) 



11(5) 



10(4) 



13(7) 



RAM 11 



n-2) 



j^UZJl 



4(14) 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
AS 
A6 



-RAS 
-CAS 
-WE 



5(15) 



7(17) 



6(16) 



12( 6 ) 



11(5) 



10(4) 



13(7) 



DonmJ 



A21911 



XDI 13 



4(14) 



15(9) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
AS 
A6 



-RAS 
-CAS 
-WE 



5(15) 



7(17) 



6(16) 



12(6) 



11(5) 



10( 4 ) 



13(71 



RAM 13 



A 19911 



XDI 14 



4(14) 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
AS 
A6 



-RAS 
-CAS 
-WE 



5(15) 



7(17) 



6(16) 



12(6) 



1 1 (5) 



10(41 



13(7) 



RAM 14 



^„ Ooi-^t^r^U2i,i„ ^mSX 



A17911 



4(14) 



15(91 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
AS 
A6 



-RAS 
-CAS 
-WE 



LISPM TV 



Video Memory: Row A 



7-DEC-1980 19:49 



Al: CADRTV; RAMA 



NC- 
NO— ^ 
NC-i 
NC- 

REFRESH CYC L— 2. 

CLKl- 

HI3- 

Ht3-^ 

HI3— 2^ 

REFRESH CYC L-^ 
HI3- 



74L5;56n 
3-S C1R 



CLK CRY 
-TC 



la 



^-RAMADR 3 
^^RAMADR Z 
^^RAMADR 1 
^^W«*«R 



-CET 
-CEP 
CLKt 
UP/-DN 
-LOAD 
-S CLR 



OUT ENB 
-A CLR 



KC— ^" 
NC- 
NC- 
KC--2J 

n. 



HI3- 
HI3- 
HI3~^ 

llj 



HI3— ^ 



74LS&09 
3-S CIH 



CLK CUV 
-TC 



-CET 
-CEP 
CLKt 
UP/-DN 
-LOAD 
-S CLR 



fr2-HC 

*^RAMADR 6 
-RAMADR 5 
^^RAliWDR 4 



OUl ENB 
-A CLR 



-REFRESH CYC- 





TVMA 13 


DUAL 4-lj 
3S SELECT 
74S253 




TVMA 11 


DUAL 4-i 
3S SELECT 
74S253 




TVMA 9 


DUAL 4-1 
3S SELECT 
74S253 


TVMA 7 


DUAL 4-1 
3S SELECT 
74S253 




>: 


3: 


5: 


5: 




TVMA 6 


it 1 




TVI4A 4 


5: 1 




TVMA 2 


>: 1 


TVMA 


5: 1 




RAM ADR IN 13 


*: 2 




RAM ADR IN 11— 


4: 2 




RAM ADR IN 9 


1: 2 


RAMADR IN 7 


*: 2 


^4504Nq?S__, 


RAM ADR IN 6 


h '3 
1: -ENB 
OUT 7: 




RAM ADR IN 4 


J: 3 
I: -ENB 
OUT 7: 




RAM ADR IN 2 


J: 3 
I: -ENB 
OUT 7: 


RAM ADR IN 0— 


3: 3 


^OS 


TVMA 12 


RAMADR 6 


TVMA 10 


—RAMADR 4 


TVMA 8 — 


RAMADR 2 


I: -ENB 
OUT 7: 




10; 


!0: 


10: 


10: 




TVMA 5 


11' 1 




IVMA 3 

RAM ADR IN 10 


11: 1 
12: 2 




TVMA 1 

RAM ADR IW 8- — 


11: 1 
12: ? 


11: 1 
12: 2 




RAM ADR IN 12 


12: 2 






WRITE L 1— 




RAM ADR IN 5 


13: 3 
15: -ENB 




RAM AUR IK 3^ 


13: 3 




RAM ADR IH 1 


13: 3 


13: 3 
















15: -ENB 


GND 


15: -ENB 




CAS MPX TIME 

PROC CYC 


OUT 9: 


^RAMADR 5 




OUT 9: 


RAMADR 3 




OUT 9: 


RAMADR 1 


OUT 9: 




14:SEL0 
It SELl 


14:SEL0 
?: SELl 


U:SELO 
>t SELl 


14:SEL0 
?: SELl 























-RAMADR 



LISPM TV 



Ram Address Logic 



7-DEC-1980 22:50 



Al: CADRTV; RAMADR 



RAMB M^Mm 

mm At— ^^^^ 
mm A2-M1&1 

RAM8 A3— ^^^ 
RAMB A4-iHM 
RAMB A5— ^Sa. 
RAMB A6-^^^ 



XDt 16 
RAS-41141 



-RAMB CAS-^^^ 
-RAMB WE 3C I 3) 



2118 
16KXI 
mhi 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



MUX 



..um 



-izun 



-lUil 



-MUD. 



13( 7 



ocHuaJ 



B3O011 



XDI 17 

— um 



15(9) 



3(13) 



Z118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



-^1^ 



jjjn 



JiClfiij 



izm 



-iifii 



IQff 



I3f 7 ) 



Doi^mJ 



RAM. 17 

j-^tli).: 

XDI 18 

- um 



B28§11 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



JiiJM 



■ 7(17) 



.MM 



.Aim 



JiX51 



i9X£ 



13(7) 



d1^ 



626611 



JUJZX- 

XDI 19 

um 



15(9) 



3(13) 



21 18 
IBKXl 
RAM 



AO 
At 
A2 
A3 
A4 
A5 



-RAS 
-CAS 
-WE 



-SULl 



7{t7) 



-stm 



jzai 



JUL 



jm± 



13(7) 



Do^^ 



xai 20 

401) 



15(9) 



3(13) 



zns 

16KX1 
RAM 



AO 
Al 
AZ 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WF 



mx 



7(U) 



^MXfiX 



Azm 



JdIM 



-LfiXAl 



13(7) 



Dol^ 



RAM. 20 
XDI 21 

4(3*} 



B22&11 



15(9) 



3(13) 



21*8 
loKXl 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



^Xl^ 



7 (17) 



_&asi 



12(6)1 



11 (5) 



jLaai 



13(7) 



DoU^ 



RAM. 21 
XDI 22 



B20811 



15(9) 



3(13) 



2118 
16JCX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15) 



itm 



_&cm 



12(0) 



liti 



10(4) 



13( 7 



Dc^^ 



XDI 23 

4(14) 



15(9) 



3(13) 



2118 
IBKXl 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



3in 



-RAS 
-CAS 
-WE 



Do^^xaJ 



B16811 



5(15) 



RAMB AO 
RAMB Al -21121 
RAMB A2-S^^Si 
RAMB A3— 2^^ 
RAW? A4-i^i^ 
RAMBA5-iiit^ 
RAMJ A6 *3t7) 



^ZUlly 
XDI 24 
-RAMB RAS-*^^^ 
-RAMB CAS ^^<Q> 
-RAMB WE 3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5U5) 



7(17) 



_iim 



-imi 



JLUSi 



10(») 



13(7) 



Do^^XflJ 



XDI 25 

— um 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



-5(15) 



7(17) 



JgtlSi 



JZiM 



Jim 



10(4) 



13(7) 



RAM 25 

mJ.2(i2)b 

XDI 26 



Do^^mJ 



B27I>11 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



in Dc 



-RAS 
-CAS 
-WE 



5(15) 



7(17) 



-fimi 



. mn 



Jim 



jmx 



13(7) 



14(8) I 



RAM. 26 
XDI 27 

ami 



15(9) 



3(13) 



2118 
jfiKXt 
RAJ^ 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



l\n 



-RAS 
CAS 
-WE 



-5nSd 



7(17) 



6(1G) 



Jim 



Jim 



19(4}] 



i;n 7 ) 



Oci^r2 



B23811 



XOI 28 
4(2^) 



15(9) 



Jltin 



2118 
16KX1 
R«4 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(151 



JJJIl 



Hm 



J£1M 



Jim 



1Q(4) 



J3m 



ooiimJ 



RAM. 28 

XDI 29 

4(K) 



15(9) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 



-RAS 
-CAS 
-WE 



-Km 



7(17) 



J&Ufii 



Jim 



Jim 



10(4) 



13(7) 



icH(8) I 



821611 



Bioeii 



RAM. 29 

|-2X12Jb 
XDI 30 

— uma 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(?5) 



7|17) 



6(16) 



1^(6) 



Jim 



10(4) 



13(7) 



RAM 30 



Dal^ 



.■2(12.} : 

XDI 31 
4(1.4.), 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



Dol^ 



LISPMTV 



Video Memory: Row B 



7-DEC-1980 19:50 



A1:CADRTV;RAMB 





74S241 

rS BUS DVH 


RAM B^R 


RAM BFR 


22 ohra 
SERIES DIP 
898-3-R22 




RAMADR 


? 18 


H 165 


RAMA AO 


RAMADR 1 


\ 16 


—-RAM BFR 1 


RAM BFR 1 


I* 15s 


RAMA Al 


RAMADR 2 


i 14 


RAM BFR 2 


RAM BFR 2 


}+ 14= 


RAMA A2 


RAMADR 3 


J 12 


RAM BFR 3 

RAM BFR 4 


RAM BFR 3 — -%* 13? 
RAM BFR 4 >+ 12h 


RAMA A3 


GND 


1 -AENB 




RAMADR 4 


11 9 


RAMA A4 


RAMADR 5 


13 7 


RAM BFR 5 


RAM BFR 5— i+ 11= 


RAMA A5 


RAMADR 6— 


15 5 


RAM BFR 6 


RAM BFR 6— 


7+ 105 


^^RAMA A6 


RAMWR L 


17 3 


RAM BFR 7 


RAM BFR 7 


J+ 9s 


RAMA WE L 


HI3 — 


19 BEN6 








RAM BFR 
RAM BFR 5 
RAM BFR 6 
RAM BFR 7 



22 ohni 
SERIES DIP 
898-3-R22 



-RAMB AO 
-RAM8 Al 
-RAMB A2 
-RAMB A3 



-RAMB A4 
-RAMB A5 
-RAMB A6 
-RAMB WE L 



RAM BFR 0- 
RAM BFR 1- 
RAM BFR 2- 
RAM BFR 3- 




RAM BFR 7 5+ 



22 ohm 
SERIES DIP 
898-3-R22 



-RAMC AO 
-RAMC Al 
-RAMC A2 
-RAMC A3 



-RAMC A4 
-RAMC AS 
-RAMC A6 
-RAMC WE L 



RAM BFR 0- 
RAM BFR 1- 
RAM BFR 2- 
RAM BFR 3- 



RAM BFR 4- 
RAM BFR 5- 
RAM BFR 6- 
RAM BFR 7- 



22 ohm 
SERIES DIP 
898-3-R22 



-RAMD AO 
-RAMO Al 
-RAf4D A2 
-RAMD A3 



-RAMD A4 
-RAMD A5 
-RAM) A6 
-RAMD WE L 



B1492 



C14e2 



LISPMTV 



Address Buffers 



8-DEC-1980 00:13 



AhCADRTVjRAMBUF 



5f:&: 



_iai 



-fiUfii 



RAMC AO 

npyc Ai 

RAMC A2 
RAMC A3- 
RAMC A4--iil51 
RAMC A5 
RAMC A6 



jLzm. 



JLflii). 



-imi 



XDl 
-RAMC RAS-^i^ 



-RAKC CAS ^5(9} 
-RAMC WE-^^-13i 



2118 
leKXl 
RAH 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 

-WE 



5(15) 



7(17) 



Q(16.) 



12(e) 



11 (5) 



-iSlii 



13(7) 



Oo^mJ 



C30»ll 



XDI 1 

5tHJ 



15(9), 



3(13) 



2118 
16XX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-ItfE 



.^m 



ami 



U.1&X 



-JUfel 



nm 



lot 4) 



13(7; 



RAM 33 
1)0 lA^ 



CZ8§11 



XDI 2 



15(9) 



3(13) 



2113 
J6KX1 
RAM 



AO 
AT 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WC 



-iiim 



Oil 



-fiXJiii 



,12(6) 



jmi 



jom 



13(71 



Oc^AtisJ 



XOI 3 

4(14) 



15(9) 



3(13) 



?n8 
ir.Kxi 
Ram 



AO 
Al 
A? 
A3 
A4 

ts 

A6 



-RAS 
-CAS 
-WE 



-^U^ 



7irn 



-llOii 



ins) 



asui 



13(7), 



Ocl^^ 



RAM 35 

J 



C24eil 



XDI 4 

mil 



15(9} 



3(13) 



2118 
16KX' 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
AO 



-RAS 
-CAS 
-WE 



&(15} 



aim 



-MMl 



12(e), 



.11(5) 



10(4). 



13(7) 



Doi^mJ 



XDI 5 

dim 



15(9) 



3(13) 



2118 
16KX1 
RAH 



AD 
Ai 
A2 
A3 
A4 
Ab 
A6 



-RAS 
-CAS 
-WE 



5(15) 



urn 



.3im 



azm. 



11(5) 



-lom 



j[3m 



RAM 37 



C20eil 



yZOa 
XDI 6 

um 



15(9) 



2118 
16KX1 
R/w^ 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



jtim 



7fl7) 



6(10) 



12(C) 



llfS) 



10(4) 



13( 7 ) 



RAM 38 

|14(8) 



ciaeii 



.2(12X 
XDI 7 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



Doi^uaJ 



RAMC 
RAMC 
RAMC 
RAMC 
RAMC 
RAMC 
RAMC 



AO-SOa 
Al-iXilX 
A2-IOfii 
A3.JL2(B 

A4-liai 
A5-m^ 

A6-iaa)j 



XDI 8 
-RAMC RAS-*^^ 



-RAMC CAS-i^^ 
-RAMC WE 3X13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



•In Dg 



-RAS 
-CAS 
-WE 



e(i5) 



7(17) 



mm 



jzm 



11(5) 



1Q(4) 



13f7) 



14(8) I 



mi 9 



4(H) 



15(9) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15) 



7fl7) 



Hm 



jzm 



11(51 



10(4) 



13(7) 



RAM 41 



Do^mJ 



XDI 10 

iOii 



15(9) 



3(131 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15 



7(.^?) 



<?(16) 



_12m 



JLKil 



„1,0C. 4 .) 



13(7) 



Dc^ii^ 



C25»ll 



RAM. 42 
XOI 11 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



jtim 



7 ( 17 ) 



.M. W\ 



jzmx 



, n{5) 



m^} 



jam 



DoimxJ 



RA^t 43 
.2(12) 
XDI 12 

— um 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15) 



7(17) 



6(161 



12(6) 



.111^ 



10(4) 



13(7) 



Do^^ 



C21811 



XDI 13 



,4(14) 



15(9) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15) 



amj 



-jiiM 



Jim 



11(5) 



10(4) 



13(7) 



Dci^ 



C19811 



RAM. 45 

.2(12)1) 
XDI 14 

- 4(14) 



15(9) 



-auai 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
AS 



-RAS 
-CAS 
-WE 



5(15) 



7(17) 



6 ( 1<3 } 



Jim 



llfS) 



10(4) 



■ 13(7) 



RAM 46 



Do^M&J 



XDI 15 

um 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



Jin Do 



-RAS 
-CAS 
-WE 



M(8) I 



LISPM TV 



Video Memory: Row C 



7-DEC-1980 19:57 



AI:CADRTV;RAMC 





25LSZ539 
4-DECODf 


J-~NC 

^ — MAP ROO L 

^2~MAP RDS L 











1 
2 
3 




RtAD-i^ 
ADR 0-^ 


SEH 
StLO 




MAP RO t-^ 


-tNB 
IO/-HI 






CJE 








Z51S2539 
4-OFCODE 


IL-NC 
J 










.1H 


74537^ 
C13^ 








?= 


W?- ^ -. 





1 
2 
3 


^3^-RAS 0-1 L 




















LIE 


74537^ 
C13^ 






J 


D£S-RAS 2-3 L 












PROC SYWC— ^ 
ADR 0-^ 


SCLl 
StLO 








PROC CYC L-^ 
PROC CYC L-^ 


-GUr ENB 

-CNB 

LO/-HI 







CLKO RAS- 



OELAY 
20WS IMCS 
TUIUO 



20NS 
40NS 
60NS 
SONS 
lOONS 



121-llC 

^2~CAS MPX TIME 



i^NC 



CAS 0-1 L 



^CAS 2-3 L 



RAS 0-1 L- 



RAS 2-3 L- 



r 



-1+ 
H 
3+ 
1+ 






22 ohm 
SERIES DIP 
893-3-R22 



16= 
15 
14 
13 



12= 

ll£ 

10s 
9= 



-R,AMA RAS L 
-RAMB RAS L 
-RAMC RAS L 
-RAMD RAS L 



-RAMA CAS L 
-RAM8 CAS L 
-RAMC CAS L 
-RAMD CAS L 



B13§2 



Oil 



LISPM TV 



Ram RAS/CAS 



8- DEC- 1980 00:17 



Ah CADRTV: RAMCAS 



RAMD AO 
RAW) Al 
RAW) A2 
RAW) A3 
RAW) A4 
RAW) A5 
RAW) A6 



5fl5) 

mix 



mm 



12(e) 



ti f^) 



^0(4) 



13f7) 



XDI 16 



-RAW) RAS~^^^^ 



-RAW) CAS-iS^ 
-RAMD ttE~^i^ 



2118 
16KXI 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15) 



7(17) 



JBU£1 



izm 



JLUM 



10(< 



13(7) 



DolAtmJ 



030§11 



XDI 17 

— um 



15(91 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15) 



7(17) 



12(5) 



11(5) 



jmi 



13 (7 ) 



Do^mJ 



RAM. 49 
XDI 18 



15(9? 



lauiu 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
AS 
A6 



-RAS 
-CAS 
-WE 



5fl5) 



7(17) 



.5(15) 



Jim 



11(5) 



10(4) 



13(7: 



DclAuJ 



026811 



RAM, 50 

jJ2XI2jl) 
XDI 19 

— um 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15) 



7(17) 



5(15) 



12(5) 



-L\m 



10(4) 



13(7 



Dc^^ 



024611 



XDI 20 

— itm 



15(9) 



3(13) 



2118 
IGKXl 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



,|n Doi^ifiJ^ 



-RAS 
-CAS 
-WE 



5(15) 



7(17) 



5(15) 



12(5) 



11(5) 



10(4) 



13(7) 



RAM 62 
XDI 21 

MJM 



15(9) 



3(13) 



2U8 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15) 



7(17) 



5(15) 



12(5) 



11(5) 



1Q(4) 



13(7) 



RAM 53 
10 14(8) I 



D20811 



XDI 22 



4(14), 



15(9) 



3 (13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15) 



7(17) 



6 ( 15 ) 



12(5) 



11(5) 



10(4) 



13(7) 



Do^M&xl 



D18911 



RAM. 54 

2(12) 
XDI 23 
UMX\ 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



Dol^ 



RAMD 
RAW) 
RAW) 
RAMD 
RAMD 
RAW) 
RAMD 



A0-5XiSX 

Ai-itmj 

A2-Sim 
A3 -12101 
A4-Jtll51 
A5--iaC4i 
/^5 — 13(7) 



XDI 24 



-RAMD RAS-^X^ 
-RAW) CAS-IS^ 
-RAMD M^-M12X 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15) 



7 (17) 



5(16) 



12(6) 



11(5) 



1P(4) 



13(7). 



Doi^mJ 



029811 



RAM 56 

XDI 25 
iUM 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15) 



7(17) 



5(15) 



jzim 



11(5) 



10(4) 



13(7) 



Do 14^ 



XDI 26 

4tUi 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15) 



7(17) 



6(16) 



12 (5) , 



11(5) 



1P(4) 



13(7) 



Del^ 



025811 



RAM. 58 

.2(12)t) 
XDI 27 

4(14)1 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15) 



7fl7) 



6 (1 , 6) 



12(6) 



11(5) 



10(4) 



13(7) 



OoLKIjJ 



023811 



RAM. 59 

XDI 28 
4(14) 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15) 



7(17) 



5(16) 



12(6) 



11(5) 



10(4), 



13(7) 



Q^imu 



^ZilZXy 



4(14) 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15) 



7(17) 



6(16) 



12(6) 



11 (5) 



10(4) 



13(7) 



RAM 61 
icH(8) I 



019811 



^J2im3 
XDI 30 

4(14) 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



5(15) 



7(17) 



6(16) 



12(6) 



11(5) 



10(4) 



13(7) 



RAM 62 



Dcl^ 



(8) I 2(12) 
XDI 31 



D17811 



15(9) 



3(13) 



2118 
16KX1 
RAM 



AO 
Al 
A2 
A3 
A4 
A5 
A6 



-RAS 
-CAS 
-WE 



RAM. 63 



Doi^tcajJ 



015811 
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Video Memory: Row D 



7-DEC-1980 19:53 



AhCADRTV;RAMD 





74LS374 
OCT REG 


XDO 


RAM 4 — - 


74LS374 
OCT REG 


XDO 4 


RAM 16 


74LS374 
OCT REG 


- — XDO 16 


RAM 20 


74LS374 

OCT REG 




RAM 


J 2 


J 2 


3 2 


3 2 


— X(X) 20 


BAM 1 


% 1 5 


XDO 1 


RAM 5 — 


» 16 


^XDO 5 


RAM 17— J4 1 5 


XDO 17 


RAM 21- 


* 1 5 


^XDO 21 


RAM 2 


7 2 6 


—XDO 2 


RAM 6~~ 


7 2 P 


XDO 6 


RAM 18 


^ . 6 


—XDO 18 


RAM 22 


7 2 6 


—XDO 22 


RAM 3 


J 3 9 


XDO 3 


RAM 7 — 


J 3 9 


XDO 7 


RAM 19 ^ 3 9 


XOO 19 


RAM 23 


J 3 9 


—XDO 23 


RAM 8 


13 4 12 


XDO 8 


RAM 12 


13 4 12 


XDO 12 


RAM 24 — 


13 4 12 


XDO 24 


RAM 28 


13 4 12 


XOO 28 


RAM 9 


14 5 15 


XDO 9 


RAM 13 


14 5 15 


XDO 13 


RAM 25 — 


14 5 15 


—XDO 25 


RAM 29 


14 5 15 


XDO 29 


RAM 10 


17 6 16 


XDO 10 


RAM 14 


17 6 16 


XDO 14 


RAM 26 


17 6 16 


XDO 26 


RAM 30 |l7 6 16 


XDO 30 


RAM 11 


18 7 19 


XDO 11 


RAM 16 


18 7 19 


XDO 15 


RAM 27 


18 7 19 


—XDO 27 


RAM 31 — 


18 7 19 


XDO 31 


RAMREG CLK L 


11 CLKt 


11 CLKt 
I -OENB 


11 CLKt 
I -OENB 






l^p ROO 8_ 


1 -OENB 








11 CLKt 
I -OENB 














XDO 16 








E29 






E21 






E27 




E19 






74LS374 
OCI REG 


■ — XDO 


RAM 36 


74LS374 
OCT REG 


XOO 4 


RAM 48 — 


74LS374 
OCT REG 


RAM 52 ■ 


74LS374 
OCT REG 




RAM 32 


J 2 


i 2 


J 2 


3 2 


XDO 20 


RAM 33 


i 1 5 


— xrx) 1 


RAM 37 


* 1 5 


XDO 5 


RAM 49 


* 15 


XDO 17 


RAM 53 


4 1 5 


XDO 21 


RAM 34 


7 2 6 


^XDO 2' 


RAM 38 


7 2 6 


— -XDO 6 


RAM 50 — 


7 2 6 


—XDO 18 


RAM 54 


7 2 6 


XDO 22 


RAM 35 


i 3 9 


1 XDO 3 


RAM 39 


5 3 9 


XDO 7 


RAM 51 


J 3 9 


—XDO 19 


RAM 55 


B 3 9 


XDO 23 


RAM 40 


13 4 12 


— xno 8 


RAM 44 


13 4 12 


— xno 12 


RAM 56 — 


33 4 12 


XDO 24 


RAM 60 


13 4 12 


—XDO 28 


RAM 41 


14 5 15 


XDO 9 


RAM 45 


14 5 15 


- — XDO 13 


RAM 67- — 


14 5 15 


XDO 25 


RAM 61 


14 5 15 


XDO 29 


RAM 42 


17 6 16 


XDO 10 


RAM 46 


17 6 16 


XDO 14 


RAM 58— 


17 6 16 


XDO 26 


RAM 62 


17 6 16 


XDO 30 


RAM 43 


18 7 19 


XDO 11 


•RAM 47 


18 7 19 


- — XDO 15 


RAM 59 


18 7 19 


XDO 27 


RAM 63 


18 7 19 


XDO 31 


RAMRFG n K 1 -— > 


11 cut 


11 CLKt 


11 CLKt 


11 CLKt 




















M/VP RDl L 


1 -OENB 






I -OENB 






1 -OENB 






1 -OENB 
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74LS29tJ 
^-Bir UNM 
iHlFT P.H 
SER OUT 


^SHF 


74LS299 
J-BIl UNV 
iHIETRFfi 


iZ-SHFl 


74LS29CJ 
J-BIT UN\ 
iHTFl.RirC 
SER OUT 


l^SHF 2 


74LS?9(1 

j-BiT m\j 

JHIFT RFJ3 
SER OUT 


^SHF3 


74LS;'9J 
J-BIT l*IV 
^Hrn ni-r 


i^SHF 4 


74LS295 
i-BTT UNv 

KHTFT RFf 


i^SHF 5 


7415299 
J-BIT UNV 
,HiFT RPf 




74LS299 
J-BIT UNV 

^H|FT Pt^f^ 






SER 0U1 


SEH our 


SER our 


SER OUT 


ii.SHF6 


SER OUT ^^SH 


NC^ 


SFR IN 


NC-^ 
RAM 1-^ 
RAM 9—^ 
RAM 17-i5 


SER IN 


NC-ia 

• RAM 2 -^ 

RAM 10-^ 

RAM 18-^ 


SER IN 


RAM 3-^ 
RAM 11 -^ 
RAM 19-^ 


SER IN 


RAI4 4-^ 
RAM 12—^ 
RAM 20-^ 


SER IN 


NC-i^ 

RAM 5-^ 

RAM 13-^ 

RAM 21-^ 


SER IN 


NC-iS 

RAM 6-^ 

RAM 14-^ 

RAM 22 J^ 


SER IN 


RAM 7-ifi 
RAM 15-^ 
RAM 23-^ 


SER IN 




RAM 0-^ 

RAM 8-^ 

RAM 16-^ 


PARALLfL 

lit & our 

TRISIATE 


PARALLEL 

IN &• our 

TRISTATE 


PARALLEL 
IN & OUT 
FRISTATE 


PARALLEL 
IN & OUT 
TRISTATE 


PARALLEL 
IN & GUT 
TRISTATE 


PARAILEL 
IN & OUT 
TRISTATE 


PARALLEL 
IN & OUT 
IRISTATE 


PARALLEL 
IN & OUT 
IRISTAIE, 




RAM 24--^ 




RAH 25-^ 




RAM 26-2 


* 


RAM 27-^ 




RAM 28-^ 




RAM 29-^ 




RAM 30-^ 




RAM 31-^ 






RAM 32 -"^-^ 




RAM 33-^ 




RAM 34-^ 




RAM 35-^ 




RAM 36-^ 




RAM 37 -i^ 




RAM 38-^ 




RAM 39-i^ 






RAM 40— ^ 




RAM 41 -S 




RAM 42-^ 




RAM 43 — 




RAM 44—^ 




RAM 45 -^ 




RAM 46-^ 




RAM 47-^ 






RAM 48 -1^ 




RAM 49-i2 




RAM 50-^ 




RAM 51-^ 




RAM 52 -i^ 




RAM 53-^ 




RAM 54-^ 




RAM 55-^ 






RAM 56-^ 




RAM 57—^ 




RAM 58—^ 




new 59—^ 




RAM 60—^ 




RAM 61-^ 




RAM 62 — 




RAM 63—^ 








SfcR OUT 


i~MC 


SER OUT 


i-NC 


SER OUT 


5~NC 


SFR our 


^NC 


SER OUT 


5-.NC 


SER OUl 


^NC 


SER OUT 


k-NC 


SER OUT 


^m 


SHF IW 0-^ 


SER IN 


SHE IN 1-^ 
HIZ—S 


SER IN 


SHF IN 2-^ 
HI2-^ 


SER IN 


SHF IW 3-^ 
H12-^ 


SER IN 


SHF IN 4-^ 
HI2 -^ 


SER IN 


SHF IN 5-^ 
HI2-2^ 


SER IN 


SHF IN 6-^ 
HI2-^ 


SER IN 


SHF IN 7-^ 
HI2— *^ 


SER IN 




H12-3- 


-0 ENB 


-0 ENB 


-0 ENB 


-0 ENB 


-0 ENB 


-0 ENB 


-0 ENB 


-0 ENB 




HI2— ^ 
648 SR LOAD-^ 


-0 ENB 


HIZ--^ 
19 


-0 ENB 


HI2-2. 
19 


-0 ENB 


HI2 -^ 
19 


-0 ENB 


HI2— ^ 

19 


-0 ENB 


HI2— 2. 

19 


-0 ENB 


KI2-2. 

19 


-0 ENB 


HI2— ^ 

19 


-0 ENB 




Slhd.up, 


SI hd,op. 


Slhd«up. 


SI hd.up. 


Slhd.up. 


Slhd.up. 


Slhd.up. 


SI rid, up. 






















Hl2-i- 


SO dnjd 


, , 1 


SO dn,Id 


} 


SO dn,ld 


1 


SO dn.ld 


1 


30 dn,ld 


1 


SO dnjd 


1 


SO dn.ld 


1 


SO dn.ld 




U 


12 


12 


12 


12 


12 


1? 




CLK 64B SR L-^ 
MI2-a 


CLKt 
-CLR 


CLKt 
-CLR 


CLKt 
-CLR 


CLKt 
-CLR 


CLKt 
-CLR 


CLKt 
-CLR 


CLKt 
-CLR 


CLKt 
-CLR 




MI2~5 


Hi2-a 


HI2-S 


HI2-2 


«I2 -^ 


HI2-a 


Hi2-a 





E30 



E?8 



m 
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74LS569 
3-S CTR 


^NC 
19 


SYNC BEG 7--S 

SYNC BEG 6--S 

SYNC BEG 5--^ 

SYNC BEG 4—^ 
1? 


74LS569 
3-S CTR 


l^NC 
19 


SYNC BEG 11—^ 

SYNC BEG 10—^ 

SYNC BEG 9—^ 

SYNC BEG 8—^ 
1? 


74LS569 
3-S CTR 




- 


CLK CRY 
-TC 


CLK CRY 
-TC 


CLK CRY 
-TC 


^NC 




^^SYNC ADR 3 
^^SYNC ADR 2 
^^SYNC ADR 1 
^S~SYNC ADR 


'^SYNC ADR 7 
^^SYNC ADR 6 
^SYNC fiDH 5 
^^SYWG ADR 4 


SYNC BEG 3—^ 
SYNC BEG 2—^ 
SYNC BEG 1—^ 
SYNC BEG 0--^ 
GND-^ 


D 
C 
B 
A 


D 
C 
B 
A 



C 
B 
A 


^^SYNC ADR 11 
^^SYNC ADR 10 
^-SYNC ADR 9 
^^SYNC ADR 8 


-CET 
-CEP 
CLKt 

UP/-DN 
-LOAD 

-S CLR 


-CET 
-CEP 
CLKt 
UP/-DN 
-LOAD 
-S CLR 


-CET 
-CEP 
CLKt 
UP/-ON 
-LOAD 
-S CLR 




GND— ^ 
SYNC ADR CI K 1 — - 


GND-~i 
? 


GND— ^ 
7 




HI4— 1 
SYNC ADR t OAn 1 — ii 


HI4 — i 
11 


HI4— 1 
11 




SYNC ADR f 1 R t 2 


9 


9 




-CTL USE SYNC L-^ 
1114 — & 




17 


17 




-OUT EKB 
-A CLR 


fl 


-OUT ENB 
-A CLR 


• . fi 


-OUT ENB 
-A CLR 



















74LS377 
OCT REG 




SYNC ADR 


3 





2 


SYNC BEG 


SYNC ADR 1 


4 


1 


5 


—SYNC BEG 1 


SYNC ADR 2— • 


7 


2 


6 


SYNC BEG 2 


SYNC ADR 3 


3 


3 


9 


SYNC BEG 3 


SYNC ADR 4 


13 


4 


12 


SYNC BEG 4 


SYNC ADR 5 


14 


5 


15 


SYNC BEG 5 


SYNC ADR 6 


17 


6 


16 


SYNC BEG 6 


SYNC ADR 7 


18 


7 


19 


SYNC BEG 7 


CLK L — 


11 CLKt 






SYNC NEW LINE L 


l-CLK ENB 





A06 



C06 



B07 



XDl 0- 
XDI 1- 
XDl 2- 
XDI 3- 
XDI 4~ 
XDI 5~ 
XDI 6- 
XDI 7- 

LOAD SYNC PTR L- 
CTl USE SYNC L- 



74LS374 
OCT REG 



11 CLKt 
I -OENB 



-SYNC ADR 
-SYNC ADR 1 
-SYNC ADR 2 
-SYNC ADR 3 
-SYNC ADR 4 
-SYNC ADR 5 
-SYNC ADR 6 
-SYNC ADR 7 



XDI 8- 

XDI 9- 

XDI 10- 

XDI 11- 

NC- 

NC- 

NC- 

NC- 



74LS374 
OCT REG 



11 CLKt 
I -OENB 



-SYNC ADR 8 

-SYNC ADR 9 

-SYNC ADR 10 

-SYNC ADR 11 

-NC 

-NC 

-NC 

-NC 





. , 

74LS377 
OCT REG 




SYNC ADR 8 


3 





2 


SYNC BEG 8 


SYNC ADR 9 


4 


1 


5 


SYNC BEG 9 


SYNC ADR 10 


7 


2 


6 


SYNC BEG 10 


SYNC ADR 11— } 


3 


9 


SYNC BEG 11 


NC 


13 


4 


12 


— NC 


NC — 


14 


5 


15 


— NC 


NC 


17 


6 


16 


NC 


NC 


18 


7 


19 


NC 


CLK L — 


11 CLKt 






: NEW LINE L 


l-CLK ENB 





C07 
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BLANKING TFUDGED) L 



ON CADRrV:NX8CTL 



SYNC PROM 



4 CtKO 

5 CLKO 65B SR 
7 CLKO RAS 

7 



CLOCK MODE l^^ 

CLOCK MODE O^^l 

CLOCK CNT2^2i 

CLOCK c»n^^ 

CLOCK CNTO-1^ 



GNO 



15i 



32X8 

TRL PROM 
74S288 



07 
06 
05 
04 
03 
02 
01 
00 



LL- 



-NC 

-SYNC PROM 6 
-SYNC PROM 5 
-SYNC PROM 4 



T6P 18S030N 



D06 
LWIV48 OR IHTVSB 



I M M 



CLKO 

CLKO RPT 
CLKO 64B/L0AD 8B 



n_ 



n 



CLKO RAS 



8X r4X ! 8X 1*2/4x1 8X r4X ! 8X p t 

^ L 



T r 



Bli\NKIN&- 
BIJWK T3- 



- ^ 012^ / 




RQ TO- 
BLRWK T2- 
BIAKK Tl- 
BLWiKING- 



16 MHZ CLK L- 
OUD- 



74S3/4 
OCT REG 



11 CLKt 
I -OENB 



RQ TO DLYD 

-BLANK T3 
-BLANK T2 
-BLANK Tl 
-CLKO RPT 
-CLOCK CNT2 
-CLOCK CMTl 
-CLOCK CNTO 



CLOCK MODE 
10 MHZ, MODE 

00 64 CPT 

01 32 M4408 

(OR 16 MHZ COLOR) 

10 12 525 LINE 

11 12 COLOR 



-BLATiKIKG DLY L 




CLK L -S^74S04>^=—CLK 7 
'D08 




CLKO RPT >^74S0p>^^s~CLK RPT L 

'DOS 



CLKO-^^ 
HI4-2^ 



PROC SYNC 



16 MHZ CLKO- 









RAMREG CLK L 



CLKO 648 SR- 



74S37\,. 

Dooy 



CLK 64B SR L 



CLK 7 DELAYED FROM CLKO 
ALLOW FOR HOLD TIME OF 74S299 



CLK 7^ 
TVMA INC-^ 



-9^ 



16 MHZ CLKO 



16 MHZ CLKO^^s 
HI4^^ 




74S37V,,> 
JDOgi/ 



COLOR CLK L 
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AI:CADRTV;SYNCLK 



A* 



SYNC ADR 
SYNC ADR 1 
SYNC ADR ? 
SYNC ADR 3 
SYNC ADR 4-5i 
SYNC ADR 5-fii 
SYNC ADR 6-^^ 
SYNC ADR 7-iS± 
SYNC ADR 8-^ 
SYNC ADR 9-^ 
SYNC ADR 10-^^ 
SYNC ADR 11^- 



-SYNC PROM ENB l-^^ 
SYNC WE L-Si 



m 



4K X 1 
RAM 
2141 



XDI 



DO 



AO 
Al 
AZ 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
AlO 
All 



A04 



-_l±j 
JLI 

-ia± 

-12: 



Jut 



il± 



4K X 1 
RAM 
2141 



AO 
Al 
AZ 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
AlO 
All 



DI 



-_2± 
-^ 

44 

_5± 
_JB± 
_1Z± 
Jl£± 
_15± 
J14± 
JL2: 



JiB± 



^ 



4K X 1 
RAM 
2141 



XDI 2 



DO 



AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
AlO 
All 



A02 



I±J 



-_2± 

—2+ 

4-»- 

—St 
_JS1 
-12± 
_1& 
-15+ 

-ia± 

Jl2± 



-Ifl± 



li± 



4K X 1 
RAM 
2141 



AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 
AlO 
All 



-CE 



1±J 



—21 

--It 
-IZ± 

-ie± 

J15± 
JL!± 

JL2; 



JLD: 



ill 



4K X ' 
RAM 
2141 



AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
AlO 
All 



-WE 



1±J 



SYNC 5 



_JL+ 
—21 
__2± 
_4± 

-XL 
JL£± 
J15+ 
JL4± 

_ia± 

JL2: 






11+ 



4K X 1 
RAM 
2141 



XDI 5 



AO 
Al 
AZ 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
AlO 
All 



DI 



B03 



_JLt 
__2± 
3+ 
4-<- 
_5± 
-JS+ 
JLi 

>15± 
-lit 
JL3± 
JL2± 



-Hit 
-Jtt 



Mi 



4K X 1 
RAM 
2141 



AO 
Al 
AZ 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
AlO 
All 



-CE 



B02 



-1+ 



_2± 



.J+ 



-Jtt 



_UB± 



-15± 



-ia± 



JLQt 



-fit 



11+ 



4K X 1 
RAM 
2141 



AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
AlO 
All 



or 



SYNC ADR 8-^ 
SYNC ADR 7-^ 
SYNC ADR 6-^ 
SYNC ADR 5-i^ 
SYNC ADR 
SYNC ADR 3- 
SYNC ADR 2—^ 
SYNC ADR 1 
SYNC ADR 



SYNC PROM ENB 



t-ia 



512X8 
TS PROM 
74S47Z 



D7 
D6 
D5 
D4 
D3 
D2 
DI 
DO 



A8 
A7 
A6 
AS 
A4 
A3 
A2 
Al 
AO 



-CE 



^^SYNC 7 
l^SYNC 6 
^^SYNC 5 
^^SYNC 4 
-SYNC 3 
^— SYNC 2 
-SYNC 1 
-SYNC 



COS 
TBP 18S42N 



74LS244 
IS BUS DVR 



SYNC 0- 
SYNC 1- 
SYNC 2- 
SYNC 3- 



SYNC 4- 
SYNC 5- 
SYNC 6- 
SYNC 7- 



RD SYNC L 19 -BENB 



-XDO 
-XDO 1 
-XDO 2 
-XDO 3 



-XDO 4 
-XDO 5 
-XDO 6 
-XDO 7 



005 



SYNC PROM ENB L- 



74S37 )as- SYNC PROM ENB 

Cll 



LISPMTV 



Sync Program Memory 



7-DEC-1980 23:31 



AI:CADRTV;SyNRAM 



PROC SYNC IN 
NC 
NT 
SYNC 3 
SYNC 4 
SYNC 5 
SYNC 6 
SYNC 7 

CI K L 
GNO 





74S374 
OCT REG 


i — 


3 


2 

1 5 




7 


2 6 




i 


3 9 




13 


4 12 




14 


5 15 




17 


6 16 




18 


7 19 




11 CLKt 




1 


-OENB 



-PROC SYNC 

-NC 

-NC 

-BUNKING 

-SYNC ac 

-SYNC CYC 1 
-SYNC FC» 
-SYNC FCN 1 





74LS175 
QUAD D FF 




END OF RPr L-^ 


D3 


03 

-03 


^^— SYNC NEW tlNE L 
^^SYNC NEW LINE 


SYNC 0-^ 


D2 


02 

-0? 


^^— HSYNC 
^^IISYNC L 


SYNC 1^ 


01 


-Qi 


UL-VSYNC 
^^VSYNC L 


SYNC 2-^ 


DO 


00 
-00 


ISi-NC 
i^NC 


Hi5-ii. 


-CLR 






CLKL-^ 


cut 







SYNC CYC 1-i^ 
SYNC CYC 0-^ 

HI5~^ 



25I.SZ539 
4-DtCCDt 



SF.Ll 
SELO 



-OUT ENB 

-EKB 

L0/-HI 



-PROC CYC L 
-REFRESH CYC L 
1 — T\WV INC L 
i2~TVMA STEP L 



SYNC FCN 1- 

SYNC FCN 0—^ 

GND-^ 

GND-^ 

H15-^ 



25LS2539 
4-DECODE 



SELl 
SELO 



-OUT ENB 

-ENB 

LO/-HI 



112-NC 
^^TVMA CLR L 
*— SYNC EOL L 
-SYNC EOF L 



D02 



C04 



C04 



SYNC CYC 1- 



-TVMA INC X STEP 



SYNC FCN 1- 



-SYNC EOL & EOF 



)P/DCWN CTI 
'4LSB69 



SYNC 3- 
SYNC 2-^ 
SYNC 1-^ 
SYNC 0-^ 



GND^M 
SYNC RPT INC L- 



SYNC NEW LINE L-^ 
GND- 
CLK RPT L- 



-TC 



BT 



-CET 
-CEP 



-LOAD 

UP/-DN 

CLKt 



I IP/DOWN CTI : 
4LS669 



jf^NC 



SYNC 7-^ 
SYNC 6-5^ 
SYNC 5-^ 
SYNC 4-^ 

10; 



-TC 



j^RPT DONE L 



-NC 

i2r*'^ 

rjrNC 



-CET 
-CEP 



-LOAD 
UP/-DN 
CLKt 




PROC CYC L^74S04>2S — pROC CYC 
^03 

TVMA INC L-^74S04, 
*1008 

SYNC EOL & EOF^^ 
RPT nOMFl^ 




SYNC EOL & EOF- 
-RPT DONE- 



RPT DONE L-^ 




74SM 
D03 



RPT DONE 




SYNC RPT INC L 
SYNC ADR LOAD L 



SYNC ADR CLR L 



END OF RPT L 



SYNC PROGRAM 



C02 



HSYNC L 
HI5 



COl 



\ 74S37^ 
009 



HSYTJC OUT 



-vsYNc an 



CLKO RPT-^ 
SYNC NEW LINE-^ 




SYNC ADR CLK L 



HORIZONTAL SYNC 

1 VERTICAL SYNC 

2 — 

3 BLANKING 

4,5 PROCESSOR CYCLE 

1 REFRESH 

2 DISPLAY 

3 NEW LINE 
6,7 — 

1 START OF FRAME 

2 END OF LIME 

3 END OF FRAME 



LISPMTV 



Sync Program Reg & Repeat 



7-DEC-1 980 22:57 



AI:CADRTV;SYNREG 



- 


















TVMA 3-^ 


4 BIT ADD 
74S283 


): 


TVMA 7-^ 


4 BIT ADD 
74S2e3 


i^TVMA STEP CRY 
l^TVMA STEP 7 


CO 


CO 


^^TVMA SlEP 3 


A S 
3 


A S 
3 




IVMA 2-^ 


2 


^^TVMA STEP 2 


TVMA 6-^ 


2 


l^TVMA STEP 6 






TVMA 1-3-. 


1 


^^— TVMA STEP 1 


TVMA 5-^ 


1 


1^~TVMA STEP 5 






TVMA O-S^ 
VERT STEP 3^^ 





^^l\m STEP 


TVMA 4-^ 
GMD ^^ 





^^TVMA STEP 4 




B3 


B3 




VERT STEP 2^^ 


B2 




VERT STEP 6^^ 


B2 








VERT STEP 1-^ Bl 




VtRT STEP 5-^ 


Bl 








VERT STEP 0-^ 


BO 




VERT STEP 4-^ 
7: 


BO 






CI 


CI 






A08 






BOS 






XDI 


74LS273 
OCT REG 


VtRT STEP 






J 2 




XDI 1 


1 1 5 


- — VERT STEP 1 






. 


XDI 2 


r 2 6 


VERT STEP 2 








XDI 3 


J 3 9 


VERT STEP 3 








XDI 4 


13 4 t2 


—VERT STEP 4 








XDI 5 


14 5 15 


VERT STEP 5 








XDI 6 — 


17 6 16 


—VERT STEP 6 








XDI 7 

LOAD VERT SPACING L- — 


18 7 19 


SYMC PROM ENB 






11 CUCt 




POWER RESET L 


I -CLR 










A07 




LISPMTV 


TV Mem Address Adder 




7-DEC-1980 22:58 


AI:CADRTV;TVINC 





4BrT CTR 
74LS163 


15: 


TVMA STEP. 7-^ 
TVMA STEP 6-^ 
TVMA STEP 5-^ 
TVMA STEP 4-^ 

10: 


4BIT CTR 
74LS163 




NC-^ 

NC-^ 

. NC-^ 

NC-^ 

TVMA CRY 7-i^ 
TVMA INC & STEP-^ 

:_:.. 1: 


4BIT CTR 
74LS103 


15: 


NC-^ 
NC-^ 
NC-^ 

10- 


4BIT CTR 
74LS163 






TC 


TC 


15: 




TC 


TC 


15: ..« 




^^TVMA 3 
I2i-TVMA 2 
i^TVMA 1 
^^TVMA 


^^TVMA 7 
i^TVMA 6 
^^TVMA 5 
i^TVMA 4 




^TVMA 11 
^^TVMA 10 
^^TVMA 9 

LIltvma 8 




TVMA STEP 3-^ 
TVMA STEP 2-^ 
TVMA STEP 1-^ 
TVMA STEP 0-^ 


T3 D3 
12 D2 
11 Dl 
10 DO 


13 D3 
12 D2 
11 Dl 
10 DO 


13 D3 
12 D2 
n Dl 
ID 00 


13 03 
12 02 
n Dl 
10 DO 


l^IVMA 13 


HIslOi 


ENB T 
ENB P 


ENB T 
ENB P 


ENB T 
EN3 P 


ENB T 
ENB P 






7: 


7- 






fl- 


9: 




TVMA STEP t — ^ 


-FE 
-SYNC CLR 
CLKt 


-PE 
-SYNC CLR 
CLKt 


-PE 
-SYNC CLR 
CLKt 


-PE 
-SYNC CLR 
CLKt 




ryuii fi p 1 — li. 


1r 


1: 




Ci^H |_«2i 


7- 




?! 


2: 


















■ 






A09 






B09 






C09 






CIO 






I 
-TVMA STEP 


LA^^ssiNfl^^i 


3fr 


74SM>1^TVMA CRY 1 
^3 






SYNC CYC 0-1^ 
TVMA STEP CRY-^ 


H m'\ y^^^ 








"7 D04^^ 





LISPM TV 



TV Mem Address Counter 



7-DEC-1980 23:02 



AhCADRTVjTVMA 



25LS2521 
8-BIT CMPR 





74LS240 
TS INV 
BUS DVR 


^^ADR 


XADDR 8 L— ^ 


741S240 
IS INV 
BUS DVR 


^^ADR 8 


XADDR 16 L~2. 


74LS240 
TS IWV 
BUS DVR 




XADOR L—^ 


-0 


-0 


-0 


^^ADR 16 


XADDR 1 1— ^ 


-0 


l^A[)R 1 


XADDR 9 L— ^ 


-0 


l^ADR 9 


XADDR 17 L—^ 


-0 


IS^ADR 17 


XADOR 2 L— £ 


-0 


'^ADR 2 


XADDR 10 L—^ 


-0 


^^ADR 10 


XADDR 18 L-~6 


-0 


^^ADR 18 


XADDR 3 L— S 


-0 


12-A„R3 
^ADR 4 


XADDR 11 L~^ 

GND— ^ 

XADDR 12 L-^ 


-0 


^^ADR 11 
^ADR 12 


XADOR 19 1— ^ 

GND~i 

XADDR 20 l-^ 


-0 


^2~ADR 19 


GNO— i 


-AENB 


-AENB 


-AENB 




XADDR 4 L-^ 


-0 


-0 


-0 


L~ADR 20 


XADDR 5 L-^ 


-0 


^ — ADR 5 


XADDR 13 L-13 


-0 


^— ADR 13 


XADDR 21 L-^ 


-0 


^ADR 21 


XADDR 6 L-^ 


-0 


* — ADR 6 


XADOh 14 L~^ 


-0 


^AOR 14 


NC-IS 


-0 


^— NC 


XADOR 7 l-^ 


-0 


J — ADR 7 


XADDR 15 L-ii 
®ID-i9 


-0 


^ADR 15 


GHD-ia 


-0 


2L-NC 


GNO~^ 


-BENB 


>BENB 


-BENB 





17 000 000 to 
17 077 777 



HIl- 
Mll- 
HIl- 
HIl- 
GND- 
GND- 
GND- 



-MAPADR 21 



-HAPADR 18 
-MAPADR 17 



-MAPADR 15 



CONTROL ADDRESS 
17 377 760 



h- 



HIl- 



-DEVADR 21 



Hii DEVADR 20 

HIl DEVADR 19 

HM DEVADR 18 

GND DEVADR 17 

HIl DEVADR 16 

HIl —DEVADR 15 

HIl DEVADR 14 

HIl DEVADR 13 

HIl DEVADR 12 

HIl- DEVADR 11 

HIl DEVADR 10 

HIl DEVADR 9 

HIl DEVADR 8 

HIl DEVADR 7 

HIl— -DEVADR 6 

HIl DEVADR 5 

HIl DEVADR 4 

GND -DEVADR 3 



F16 



ADR 21-^ 

ADR 20-1^ 

ADR 19-^ 

ADR 18-^2^ 

ADR 17- 

ADR 16—2. 

ADR BANK SEL-^ 

XBUS RQ IN- 

MAPADR 21-1^ 

MAPADR 20-^ 

MAPADR 19-^ 

MAPADR 18-^ 

MAPADR 17—2. 

MAPADR 16—^ 

MAPADR BANK- 

HIl- 

GNO- 





21-m 


P5LS2521 
3-BIT CMPR 




-EQUAL 


ADR 


B7 


ADR 


20-1^ 


B6 


ADR 


19-14 


B5 


ADR 


18-12 


B4 


ADR 


17-^ 


B3 


ADR 


16-1 


B2 


ADR 


15-^ 


Bl 


ADR 


14-^ 


BO 


DEVADR 


A7 


DEVADR 


20-^ 


A6 


DEVADR 


19-1^ 


AS 


DEVADR 


18-11 


A4 


DEVADR 


17-^ 


A3 


DEVADR 


16-^ 


A2 


DEVADR 15—^ 


Al 


DEVADR 


14-2 
«D-I 


AO 


G 


-ENB 






1^21 



19-, 



-EQUAL 



13^1 



ENB 



MAP RQ L 



VCC -2UIU | puixup p HI 



2 2(20 )r 



3^„ 



E14(?l 
VCC ^(^9)1 PULLUP P HI2 



VCC 



2(20)r 



PULLUP 



>-H 



Bll@l 

VCC -^CZiU j PULIUP p -HI4 

DO601 

VCC -2iaa j PULLUP f HI5 





25LS2521 
8-BIT CMPB 


25LS2521 
B-BIT CMPR 




-EQUAL 


19 




-EQUAL 


ADR 13-12 




ADR 5-1^ 


B7 


67 


ADR 12-1^ 


66 




ADR 4-1^ 


B6 


ADR 11-^ 


B5 




ADR 3-14. 


B5 


ADR 10-12 


B4 




GND -12. 


B4 


ADR 9— S 


B3 




XBUS RQ IN— S 


B3 


ADR 8 — 2. 


B2 




GND— ^ 


B2 


ADR 7—5- 


Bl 




GND— ^ 


Bl 


ADR 6—^ 
DEVADR 13-12 


BO 




GND~^ 
DEVADR 5-12 


BO 


A7 


A7 


DEVrjJR 12 -IS 


A6 




DEVADR 4-1^ 


A6 


DEVADR 11-1^ 


A5 




DEVADR 3-1^ 


A5 


DEVADR 10-11 


A4 




GND -11 


A4 


DEVADR 9— S 


A3 




HIl— & 


A3 


DEVADR 8—^ 


A2 




GND-S 


A2 


DEVADR 7—4 


Al 




GND— 4: 


Al 


DEVADR 6—2 

1 


AO 




GND— 2^ 
1 


AO 




-ENB 












F20 




H9 



LISPM TV 



XBus Address Selector 



10-DEC-1980 10:51 



AI:CADRTV;XBADR 



-RQ ro DtYn-^^ 



CTL RO- 



t^ 



74S00W 



SYNC PROM 6" 
SYNC PROM 
SYNC PROM 4 
NC 
ACK WHITE L 
RQ Tl L 



74S374 
OCT REG 



11 ClKt 
OENB 



SEE NSYCLK 
— CLKO RAS 
—CLKO 648 SR 
— CLKO 
— NC 

—ACK T3 L 
—ACK WRITE L 
— RO n L 
~R0 10 



?f.LS?519 
)i]M) REG 
Wl OUTPljfr 




MAP RO 



RD SYNC L 
LOAD SYNC L 



CTL USE SYNC 



MJD- 

G^«)-^ 

XDI 0- 

XDI 1- 

XDI 2-^ 

XDI 3-^ 

RD MODE L— ^ 

LCMVD MODE L— 2- 

GKD-li 

POWER RESET L-^ 



00 

01 

EW8 02 
fKV 03 



-OUT ENB 



CLKt 
-CLK FNB 
-ASYN CLR 



-CLOCK MODE 

CLOCK MODE 1 

■MODE BOW 
^^MODE INTR EN8 

■XDO 
^— XDO 1 
^^XDO 2 
^^XDO 3 



RO TO DLYD L 



F12 



PROC CYC -13^ 
PROC SYNC-^ 



3-8 DECODE 
74S138 



ADR 2- 
ADR 1-^ 
ADR 0- 

CTL RO-^ 
WRITE L- 

GND- 



SEL2 
SELl 
SELO 



CE2 
-CEl 
-CEO 



•NC 
^NC 

^^LOAD COLOR L 
^LOAD VERT SPACING L 
J^LOAD SYNC PTR I 
^^LOAD SYNC L 
^^LOAD MODE L 



74LS244 
TS BUS DVR 



VERT FLAG- 
VSYNC- 
HSYNC - 
-SYNC FROM ENB b 



RD MODE L- 



-XDO 4 
-XDO 5 
-XDO 6 
-XDO 7 



SEND ACK L— C\ 74S00 
PROC CYC ACTIVE L^^ D12 




-SEND ACK 
MAP RO 



PROC SYNC IN 



MODE INTR ENB-^ 
5= 


74S08 










DIO^ 


XDI 4^2= 


74LS74 
D 


U- 




RT FLAG 






-Q 


5^NC 


.OAD MODE L^^ 


CLKt 




RESET L-i^ 


-CLR 




TVMA CLR L^^ 


-SET 









E14 




CIL RO L-^ 74SM>2^-CTL RQ MAP RQ L-^ 74S04>^ 



LOAD SYNC 
ACK WRITE 



L-^ 74S32 
L-^ Ell 



SYNC WE 



F13 



LOAD COLOR L^^ 




74S0p^^LOAD COLOR XBUS INIT IN- 
FIO 




MAP RQ 



1^ CTL USE SYNC-^ MS04>C^^CTL USE SYNC L 
FIO 



RESET L 



LISPM TV 



Mode Reg and Xbus Control 



7-DEC-1980 23:05 



AI:CADRTV;XBCTL 




WRITE 



rill 




74S04 
008 



PCWER RESET L 



m: 



g 12; 



26S10 
OC BUS 
XCVR 




1 
Z 

3 

-BO 
-Bl 
-B2 
-B3 



XBUS RQ IW 
WRITE 

XBUS INIT IN 
^^^— POWER RESET 
XBUS.RO t 
XBUS.WR L 
XBUS. WIT L 



XDO 15 
XDO 14 
XOO 13 
XDO 12—1^ 



15: 



XBUS POWER RESET L 



XDRIVE L— ^ 



26S10 
OC BUS 
XCVR 





1 

2 

3 

-BO 
-Bl 
-B2 
-B3 



XDI 15 
XOI 14 
^^^^— XDI 13 
XDI 12 
XBUS15 
XBUS14 
XBUS13 
XBUSIZ 



XDO 11 
XDO 10 
XDO » 
XDO 8 



26S10 
OC BUS 
XCVR 





1 

2 

3 

-BO 
-Bl 
-B2 
-B3 



XDI 11 
XDI 10 
XDI 9 
XDI 8 
XBUSll 
XBUSIO 
XBUSg 
^^ XBIB8 



XDO 7 
XOO 6 
XDO 5 
XDO 4--i2* 



_12l 



26S10 
OC BUS 
XCVR 





1 

2 

3 

-BO 
-Bl 
-B2 
-B3 



XDI 7 
XDI 6 
XDI 5 

Lil_«XDI 4 
-XBUS7 
-XBUS6 
-XBUS5 

^^ XBUS4 



XDO 3 
XDO 2 
XDO 1 
XDO 



_12i 



n5 



26S10 
OC BUS 
XCVR 





1 

2 

3 

-BO 
-Bl 
-BZ 
-B3 



^^— XDI 3 

XDI 2 

XDI 1 

XDI 

XBUS3 

XBUS2 

XBUSl 

^ XBUSO 



F26 



F24 





26S10 
OC BUS 
XCVR 


^^NC 






NC-5I 





XDO 31 


SEND INTR-^ 


1 


^NC 




XDO 30 


SEND ACK^l^ 


2 


ia^Nc 




XDO 29 


SEND ACK^3i 


3 
-BO 


l^NC 
^NC 




XDO 28 




-81 


Z^XBUS 


IMTR L 






-82 


^^XBUS.ACK L 






~B3 


iS^XBUS 


IGNPAR L 




GNoi^ 


-ENB 


XDRIVE L 



26S10 
OC BUS 
XCVR 





1 

2 

3 
-BO 
-Bl 
-B2 
-B3 



XDI 31 
XDI 30 
XDI 29 

\M — XDI 28 
-XBUS31 
-XBUS30 
-XBUS29 

^^ XBUS28 



XDO 27 
XDO 26 
XDO 25 
XDO 24 



Jll 



26S10 
OC BUS 
XCVR 





1 

2 

3 

-BO 
-Bl 
-B2 
-B3 



XDI 27 
XDI 26 
XDI 25 
l4i_XDI 24 
-XBUS27 
-XBUS26 
-XBUS25 
-XBUSZ4 



XDO 23 
XDO 22 
XDO 21 
XDO 20— i^ 



JL2; 



26S10 
OC BUS 
XCVR 





1 

2 

3 
-BO 
-Bl 
-B2 
-B3 



XDI 23 
XDI 22 
XDI 21 

I4l — XDI 20 
-XBUS23 
-XBUSZZ 
-XBUS21 

^^ XBUS20 



XDO 19 
XDO 18 
XDO 17 
XDO 16 



26S10 
OC BUS 
XCVR 





1 

2 

3 
-BO 
-Bl 
-B2 
-B3 



XDI 19 
XDI 18 
XDI 17 
XDI 16 
XBUS 19 



XBUS18 

XBUS17 

IS^ XBUS16 



Ll. 



F28 



LISPM TV 



Xbus Data Transceiver 



7-DEC-1980 23:04 



AI:CADRTV:XBDATA 



*S2> 




<ni>- 

<5il>- 



-GND 
-GNO 






-GND 
-GWD 
-GND 
-GND 



-GWD 



<SM>- 






XBUS.PAR 

XBUSO 

— XBUSl 

XKUS2 

XBU.S3 

41T> ^-XBUS4 

<H/n> -XBUS5 

^HT' XBUS6 

^VT> XBUS7 

<®1> — -- X8US6 

4Ul> XBUS9 

<5l2> XBU510 

<^z> — — -xHusn 

4ial> ^-XBUS12 

<S(I> '-X0US13 

— XBUS14 

— XBUS15 

<^I> XBUS16 

<gn2> XBUS17 

<@2> XBUS18 

<M> — XBUS19 

■<©!>— XBUS20 

<SI> — -- XBUS21 

<MD XBUS22 

<20> XBUS23 

<©2> XBUS24 

<RjT>- XBUS25 

< gH2> — XBUS26 

<®1I> XBUS27 

<gFS> -XBUS28 

<E>~ XBUS29 

-<®[>— XBUS30 

^il2>- — XRUS31 

^n>— XBUS32 

<SI> XBUS33 

<MJ> XBUS34 

^®> XBUS35 



<^£2> mXVn . PAR 

<E> XAflDPO 

<gli> y.m\}u \ 

<iiS> XAoai-:? 

<irD' >y^.JX>i;? 

<E17> — yj^m <i 

C?> mim 

.<^n> XAiH)R6 

"^2>— xf jK)n7 

<Ei> — XAi)t)F.3 

4mj — >;addro 

<IIEI> xAivoino 

<BD XAiVJIill 

<EM2> XA!)I)R12 

^iPlV- X Ai )nR 13 

<EL2>- X/V){)R 1 4 

<SII> XAI)DH 15 

<5k2> xA[)nRio 

<MI> — XAl)nH17 

-dD x/*rx)R 18 

<Cii> XADnRJ9 

XADDR20 

%Kmzi 









cn>- 









— XBUS.RQ 

-XBUS.ACK 

— XRllS.WR 

— XBUS.IGNPAR 

-.-XBIJS.INIT 

— XBUS.EXIRQ 

— XRUS.l?USY 

— XBUS.SYNC 

— XBUS.INFR 

—XBUS.EXl GRANT. IN 

— XBUS.IXfGRAWT.OUr 

-XHUS. POWER. OK 

-XfiUS POWER RESET L 

-COLOR CLK L 

-lOAO COLOR L 

-LOAD COLOR M 

-LOAD COLOR 2 L 



<03>- 

<rMi>- 

<FFi>- 



-COLGR 
-COIOR 1 
-COLOR 2 
-COIOR 3 
-COLOR 4 



-COLOR 
-COLOR 

45I> COLOR 

<£l4> COLOR 



<EII>- 



-COLOR 
-COLOR 
-COLOR 

<£IE> COLOR 

<FOl>- -HSYNC 

<ggr>— -VSYNC 



VALUE 
VALUE 1 
VALUE 2 
VALUE 3 
VALUE 4 
VALUE 5 
VALUE 6 
VALUE 7 

OUT 
OUT 



-COLOR 6 
-COLOR 7 



<on>- 



-MECL VIDEO OUT 
-MECL VIDEO OUT L 
-BIJWKING (FUDGED) L 
-TTL VIDEO DRIVE 



<Sn> COMP VIDEO OUT 



LISPM TV 



Backplane Connections 
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AI:CADRTV;XBUS 



MULTIPLE SELECl- 
NO SELECT- 
SEL UNIT FAULT- 
-SELUNITONLINfJ^J^^^^^J 
SET UNIT SEEK ERRO 



TIMEOUT ERROR- 
MEW PARITY ERROR^^ 
WRITE GVERRUN-1 
READ OVERRUN-^) ''^^®''' 
NXM ERROR- 



START BLOCK ERROR^ 
HEADER COMPARE ERROR-^S-I 




ECC.SOFT 
ECC.HARD 



DISK LOSSAGE L— l^M^ . -- 

,9. 74LS32>>*l£- 
-CMD2 L~J^ 

C16 
;MIGHT BE CLEARING FAULT 



TRANSFER LOSSAGE L- 
FORMAT LOSSAGE L- 
ECC LOSSAGE L- 



DISK LOSSAGE L 



TRANSFER LOSSAGE L 




FORMAT LOSSAGE L 




ECC LOSSAGE L 



LOSSAGE L 



LOSSAGE L 

..I 

DONE -2^ 



0% 

74S74 
B14 
UCLKt -3s. >C ^Q 



M — BUSY 
^— BUSY 



'^1 

START L 



MSTART L 




-LAST CCW^^l D ^ ^^MBUSY 
74S74 
B14 
END PAGE CLK-^^^ -Qp — MBUSY 



^ 



STOPPED BY ERROR L 



LOSSAGE L 

4 



GND- 



D ^ il^STOPPED BY ERROR 
74LS74 



RESET ERR L-2hJ>C ^ ^Qpi — STOPPED BY ERROR 



START L 



DISK CONTROL 



BUSY, LOSSAGE 



7-OCT-1980 21:32 



AI:CADRDC;DCBUSY 



22UF 
15V 



J__ E0681 



VCC 



22UF 
15V 






ABOVE DIP 






VCC 
GNO 



VCC 

I 



22UF 
15V 



E1791 



VCC 

± 
I 



22UF 
15V 



VCC 

I 



22UF 
15V 



Bl3ei 



VCC 

I 



22UF 
15V 



CLK.SRt- 



ABOVE DIP 



VCC 
GND 



€27»1 



-BIT.CLKt- 






^VCC 
J-GND 



D14§1 



DISK CONTROL 



CAPACITORS 



9-JUL-1 979 05:39 



AI:CADRDC;DCCAPS 



NC- 
NC- 
XBIZl- 
XBI20- 
XBIW- 
XBI18- 
XBIIT- 
XBI16- 

CCW CLK- 
-NEW CCW L- 



74LS374 
OCT REG 



1 
2 
3 
4 
5 

17 6 

18 7 



11 CLKf 
I -OENB 



-NC 

-NC 

-XBA021 

-XBA020 

-XBA019 

-XBA018 

-XBA017 

-XBA016 



XBI15- 
XBIU- 
XBIia- 
XBn2- 
XBIll- 
XBIIO- 
XBI9- 
XBI8- 



74LS374 
OCT REG 



11 CLKt 
I -OENB 



-XBA015 

~XBA014 

--XBA013 

-XBA0t2 

-XBAOll 

-XBAOIO 

-XBA09 

-XBA08 



NC 

NC 

NC 

NC 

GND- 

GND- 

CHAN. MASTER L 

HIl 

HIl 

NEW CCW L 

-NEW CCW L 

LOAD CLP L 



£26 



E25 



74LS569 
3-S CTR 



CLK CRY 
-TC 



NC 

CCW CRY L 

XBA03 

XBAOZ 

^^ XBAOl 

Ifi. XBAOO 



-CET 
CEP 

CLKt 
UP/-DN 

-LOAD 
-S CLR 



-GOT ENB 
A CLR 



NC 
NC 
NC 
NC 
CCW CRY L 



JLl 



Jl 



74LS569 
3-S CTR 



CLK CRY 
-TC 



^ END PAGE CLK 

^-^ END OF PAGE 

13- 



XBA07 
XBA06 

^ XBA05 

^ XBA04 



-CET 
-CEP 
CLKt 
UP/-DN 
-LOAD 
-S CLR 



-OUT ENB 
A CLR 



E21 



1^22 



NEW CCW 
CHAN.ACK.TO 
-CHAN.ACK.Tl 




LSll ^'^'^—CCW CLK 
D09 



XBIO- 



74LS74 
I E20 
CCW CLK — 3s>C ^ 



HIl 

I 



T 

HIl 



-LAST CCW 



-XMT CCW 



10= 



-END OF PAGE— 12^0 ^ Q 
74LS74 

E20 

CHAN. MASTER L— ^^^ >C -Q 



1 

START L 



-NEW CCW 



NEW CCW 



DISK CONTROL 



CHANNEL CONTROL WORD 
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Al: CADRDC; DCCCW 




CHAN.ACK.n 



DATA ACK L 



CHAN.ACK.Tl L 



CHAN.RQ- 
-CHAN.SrOP- 
-CHAN. MASTER 



-^ sn r^NEED 

E18 



XBUS 



NEED XBUS- 



EXTGRANT.IN- 
-CHAN. MASTER- 



-EXT RQ SYNC-^ 




EXT6RANT.0UT 



HI4 



«'9 

74S74 
E17 



XBUS.3Y»C-2£j>C ^ .QpS_-tXT RQ SYNC 



MWD FULL- 
CMD.TO.MEMORY- 

-MRO FULL- 

CM). FROM. MEMORY- 

W?USY- 

HI4- 



9S4Z 
AND-OR 



E18 



T 



CHAN. MASTER 
HI4 



-EXT RQ SYNC 



;DELAY FOR OUTPUT PARITY COMPUTATION 
;AND FOR ADDRESS TO SETTLE 



~CHAN.RO 



CHAN.MASTER- 



CMD. TO. MEMORY ^ 

-NEW CCW — 



LS08 ^^ 
C15 



-CHAN.WR 



DELAY 
20NS INCS 
TDIOO 



20NS 
40NS 
60KS 
80NS 
lOONS 



CHAN.ACK.Tl L — ^ 
-XACK L — ^ 




H14 



-NC 
"i^NC 

Si 



2i~i 



NC 



^ OF 
74LS74 

F16 



'^i 



CHAN.XREO 



-CHAN.XREQ 



fi= S02 



■M, 



E16 



CHAN.XREQ L £16 



TIMING 



E19 
-CHAN.MASTER 
CHAN.ACK.Tl*- 



LS02 
Ell 



tXT.RQ 

EXT. GO 

MASTER Sr BUSY 

REQ 

ACK 

XBUS. SYNC 



-jx^ 



LOGIC IN BUS CONTROLLER 




EXT.GO.OUT 



EXT BUSY SYNC 



DONE INTR ENB- 
-ACTIVE 

ATTN INTR ENB 

AMY ATTENTION- 

-ACTIVE 

H14 





9S4Z 
AND-OR 


J— 


15: 


— 


A 

14: 


} — 


13: 9: 


J_ 


^2=A 


— 


11: 


— 


!0: 



F17 





26S10 
OC BUS 
XCVR 


NEED XBUS 


*: 3: 


GND 


i: 1 6; 


EXTGRANT.OUT 


11: 2 10: 


INTR 


13: 3 14: 




-BO 2: 




-Bl 7: 


^ 


-B2 9: 




-B315: 


GND^ 


12:-ENB 



NC 

EXT GRANT. IN 

NC 

NC 

XBUS.EXTRQ 

X8US.EXTGRANT.IN 
XBUS.EXTGRANT.OirT 
XBUS. INTR 



rXBUS. EXTGRANT . IN terminated 
; on DCTMOT or MKPANL 



Qm ll 



DELAY 
SONS INCS 
TD250 



SONS 
lOONS 
150NS 
200NS 
250NS 



CHAN.MASTER 



-CHAN.MASTER 



CHAN. STOP L 



;DESKEW & PARITY DELAYS 



— CHAN 



'^tS^ AVAILABLE 

^"^•TArfftr CHECKED 
-NC :DROP XBUS.RO 

-NC 



C20 



CHAN.XREO- 

GND- 

XACK GUT- 

CHAN.MASTER- 



26S10 
OC BUS 
XCVR 



3 

1 6 
11: 2 10 
13: 3 14 

-BO 2 
-Bl 7 
-B2 9 
-B315 



-XRFO 
-XINIT 
-XACK 
-NC 

—XBUS.RO 
— XBUS.INIT 
—XBUS. ACK 
—XBUS. BUSY 



DISK CONTROL 



DMA CHANNEL CONTROL 



6-FEB-1980 00:48 



AI:CADRDC;DCCHAN 



t\l2 12m. 






BIT. cut 



-BUSY 



,^: 



74LS86 



A16 



END OF BYTE L- 



UIR.CSl L- 




LS04 
C23 



7450J. 
D19 




EWD OF BYTE 



UIR.CSl A 



UIR.CSl- 




S04 
019 



HIZ 



-UIR.CSl L 



HIZ- 



74LS74 






JL2i 



BLOCK. CLKt-^ >C -Q SS-nc ZUSECCLKt^is >C -,q ^ — START BLOCK L 



D ^ Q F 
74LS74 

015 



^ 



UIR.CSl 



-1= 






HIZ 
10.1 



0%& 
74S74 



C13 
BIT.CLKt-3= >C ^qN_kc 



JZi 



74S74 
C13 
BJT.CLKtii^>C -Q 



as-i 



-UIR.CSl A L 



T 



BIT.CLK SYNC ENB 



BUSY- 
-BIT.CLKt-^ 



"1 

-UIR.CSl A L 



-UIR.CSl- 



0% 
74LS74 

C14 
2USEC.CLKt-2i.>C -,Q 



A. 



BUSY A^^ 
-BIT.CLKt-^ 



T 



-121. 



^1 



NC 



74LS74 
C14 
ZUSEC.CLKt-JJ^ -Q 






S37\«. 
^CiT/^BIT.CLKt 



-2USEC.CLK SYNC ENB 



-ZUSEC.CLKt-*^ 
HI2- 



-ZUSEC.CLKt 



UIR.CSl L 

iCLOCK SYNCHRONIZERS 



END OF BYTE L- 
-UIR.CSO L 



C15 



74LS08 



W 



-UIR.CSl L 



START BLOCK b 
-UIR.CSO L 



-START BLOCK 



■3-</74LS3; ^- 




BIT TO UCLK ENB 



:NOTE- UCLKt can clock an extra 



-.Avoid glitch when CSO turns v'rV"^ *»»«" stopping due to error 



D18 
2USEC.CLK SYNC ENI 



:>jr-2USEC.CLKt 
:SYNCHRO«IZE START. BLOCK 



m 



SEL UNIT ON CYL— ^D ^ Q 
74LS74 

F16 

2USEC.CLKt-lJ^ -Q 



BIT TO UCLK ENB^^ 



ZUSEC TO UCLK ENB^ 



BIT TO UCLK ENB-^ 
2USEC TO UCLK ENB -BIT.CLKt- 

2USEC TO UCLK ENft-^S^ 
-ZUSEC. CLKt- 



BIT TO UIR.CLK ENB 



74S51 



::^^-UCLKt 



CIS 



13sT 
HIZ 



-LOOP 



12a 



ON CYL S'^C 



-ON CYL SYNC 



BIT TO UIR.CLK ENfr 
2USEC TO UIR.CLK ENB -BIT.CLKt^^ 



D17 



2USEC TO UIR.CLK ENB-^^^ 
-2USEC.CLKt^ 



— 3Bl-yiR,cLKt 



C18 



;OUTPUT CLOCKS 



DISK CONTROL 



CLOCKS 



8-0CT-1978 16:48 



AI:CADRDC;DCCLK 



XBI3-- 
XBI2 — 
XBIl — 
XBIO — 
GND — 
GKD — 
CLP CI K I— 
Hll — 
-MBUSY L — 
HI! — 

NEW CCW L ^ 

Hll — 



74LS569 
3-S CTR 



CLK CRY 
-TC 



m_ 



XBA03 

XBA02 

XBAOl 

^ XBAOO 



-CET 
-CFP 
CLKt 
UP/-DN 
-LOAD 
-S CLR 



our fcKB 
-A CLR 



-NC 



XB17 — 
XR!6 — 
XBI5 — 

xni4 3. 

U 



--it 



74LS569 
3-S CIR 



CLK CRY 
-TC 



19 



XBA07 
XBA06 
^^— XBA05 
^ ^XBA04 



-CET 
-CEP 
CLKt 
UP/-DN 
-LOAD 
-S CLR 



our ENB 
-A CLR 



XBIll- 

XBllO- 

XBI9- 

XBI8- 



74LS5G9 
3-5 CTR 



CLK CRY 
-TC 



X8A011 
XBAOIO 

^ XBA09 

IS XBA08 



-CET 
-CEP 
CIKt 

UP/-DN 
-LOAD 

-S CLR 



OUT ENB 
-A CLR 



XB115- 
XBI14- 
XBI13- 
XBn2- 



JL2. 



74LS569 
3-S CIR 



CLK CRY 
-TC 



NC 
1^3— NC 

XBAOl 5 
XBA014 
^5— XBA013 
^ XBA012 



-CET 
-CEP 
CLKt 
UP/-DN 
-LOAD 
-S CLR 



OUT ENB 
-A CLR 



NC- 
NC- 
XBI21- 
XBIZO- 
XBI19- 
XBI18- 
XB117- 
XBI16- 

LOAD CLP L- 
NEW CCW l- 



74LS374 
OCT REG 



11 CLKt 
OENB 



-NC 

-NC 

-XBA021 

-XBA020 

-XBA019 

-XBA018 

-XBA017 

-XBA016 



CCW CLK 



LOAD CLP L 




XBA07- 
XBA06- 
XBA05 - 
XBA04 - 
XBA03- 
XBA02- 
XBAOl- 
XBAOO- 

CHAN.XREQ- 
READ MA L- 



74LS374 
OCT REG 



11 CLKt 
OENB 



~XB07 
-XBOT) 
-XB05 
-XB04 
-XB03 
-XB02 
-XBOl 
-XBOO 



XBA015- 
XBA014- 
XBA013- 
XBA012- 
XBAOll- 
XBAOIO- 
XBA09- 
XBA08- 



74LS374 
OCT REG 




1 
2 
3 
4 
5 

17 6 
la 7 



11 CLKt 
I -OENB 



-XB015 

-XB014 

-XB013 

-XB012 

-XBOll 

-XBOIO 

-XB09 

-XB08 



TYPEl- 
TYPEO- 
XBA021 - 
XBA020 - 
XBA019- 
XBA018- 
XBA017- 
XBA016 - 



74LS374 
OCT REG 



17 6 

18 7 



11 CLKt 
I -OENB 



-XB023 
-XB022 
-XBOZl 
~XB020 
-XB019 
-XB018 
-XB017 
-XB016 



C24 



B23 



DISK CONTROL 



COMMAND LIST POINTER 



10-JUN-1979 21:52 



AI:CADRDC;DCCLP 



XBIO 



XIIIIT L- 
LOAD CMD L- 



QUAD FF 
74LS175 



-0 



-0 



-CLR 

cut 



ll- 



CVD 


OPFRAriON 


00 


READ 


10 


READ COMPARE 


tl 


WRITF 


02 


READ ALL 


13 


WRITE ALL 


04 


SEEK 


05 


AT EASE 


1005 


RECALIBRATE 


405 


FAULT CLEAR 


06 


OFFSET CLEAR 


16 


STOP, RESET 



x: 



r 



CMD.TO.MfJ^ORY 
CMD. FROM. MEMORY 
CMD. TO. MEMORY 
-CMD.FROM.MEMORY 

-CM)Z 

— CMD2 

CMDl 
CMDl 



15; , 



CMDO 
CMDO 



XBIll- 
XBIIO- 
XBI9- 
XBI8 - 
XBI7- 
XBI6- 
XBT5 - 
XBI4 - 

LOAD CMD L- 
XINTT L- 



74LS273 
OCT REG 




1 
2 
3 
4 
5 

-17 6 
18 7 



n CLKt 
CLR 



-DONE INTR ENB 
-ATTN. INTR ENB 
-RECALIBRATE 
-FAULT CLEAR 
-DATA STROBE UTE 
-DATA STROBE EARLY 
-SERVO OFFSET 
-SERVO OFFSET PLUS 



C21 



CIO 



START L— 1^ 
-CMD2 L— ^ 



lAlSZTTf^ MSTART L 



C16 



CMD2J 
CMDl-i^ 
CMD. FROM. MEMORY-Sl. 




LSIO 



C19 



CMO.RESET L 



CMD. RESET L 



LOAD CMD L 




RESET ERR L 



DISK CONTROL 



COMMAND 



30-SEP-1978 01:18 



AI:CADRDC;DCCMD 



xnng 

XRI18 
XBI17 

INC CYLt ^ 

HI3 -^ 

GND 1^ 

LOAD DA L -^ 



74LS193 
-CRY 
-BRW 



12Ll 



CNT UP 
CNT DM 
CLEAR 
-LOAD 



^3^NC 
CYLS 
CYL2 

2^— CYLl 
CYLO 



NEXT BLOCK L 
NEXT HEAD L 




INC BLOCK t 
INC HEADt 

74LS00 y^^ — CLR BLOCK 

A28 

INC CYLt 



A19 



CLR HEAD XBin- 

XBIlO-l^ 
XBI9- 
XBI8-^^ 

INC HEADt- Si 

HI3 ^ 

CIR MEAD— -1^ 
LOAD DA L ^ 



-CRY 
-BRW 



IZjl. 



CNT UP 
CNT ON 
CLEAR 
-LOAD 



i^NC 
-HEAD3 
-HEAD2 
-HEADl 
-HEAOO 



A20 



XBI23— ^ 
XBt22 -^ 
XBi21--^ 
XBI20 -^^ 



HI3- 



JLA^ 



JO; 



74LS193 
-CRY 
-BRW 



i^N 



CNT UP 
CNT DN 
CLEAR 
-LOAD 



l£l_ 



NC 

CYL7 

i; — CYL6 

CYL5 

CYL4 



XBI27 

XBI26-i^ 

XBI25 

XB 124-1^ 



Oli 



JLXl 



74LS193 
-CRY 
-BRW 



CNT UP 
CNT DN 
CLEAR 
-LOAD 



liLuc 

-CYLll 

-CYLIO 

~CYL9 

CYL8 



A18 



A17 



XBI15--^ 
XBlU-i^ 
XBI13— ^ 
XBI12-1^ 

Su. 



HI3- 



JLi 



.Jl: 



JLL 



74LS193 



-CRY 
-BRW 



CNT UP 
CNT DN 
CLEAR 
-LOAD 



i^NC 
^^NC 

--HEAD7 
^ — HEAD6 
ll — HEAD5 

-HEAD4 




A21 





74LS244 
rS BUS DVR 


XB031 


CYL7 


74LS244 
TS BUS DVR 


XB023 


HEAD7 


74LS244 
rS BUS DVR 


XB015 


BL0CK7 


74LS244 
TS BUS DVR 


GND 


- 18 


?. 18 


I 18 


I 18 


UNIT2 


» 16 


XB030 


CYL6 


* 16 


— -XB022 


HEAD6 


* 16 


— XB014 


BL0CK6 


1 16 


UNITl : 


i 14 


— -XB029 


CYL5 


5 14 


XB021 


HEAD5 — - 


5 14 


XB013 


BL0CK5— 5 14 1 


UNITO-— 


J 12 


XB028 


CYL4 


a 12 


= XB020 


HEAD4 ■ 


J 12 


XB012 


BL0CK4 


i 12 


READ DA L-- — 


I -AENB 


I -AENB 


1 -AENB 


1 -AENB 




XB027 


CYL3 — 


XB019 


HEAD3 


XBOll 


BL0CK3 


CYLll 


11 9 


11 9 


11 9 


11 9 


CYLIO 


13 7 


XB026 


CYL2 


i3 7 


XB018 


HEAD2 — 


13 7 


XBOIO 


BL0CK2 


13 7 


CYL9 


15 5 


XB025 


CYLl 


15 5 


XB017 


HEADl 


15 5 


XB09 


BLOCKl 


15 5 


CYt8 


17 3 


XB024 


CYLO — - 


17 3 


XB016 


HE ADO 


17 3 


XB08 


BLOCKO 


17 3 


READ DA L 


19 -BENB 


19 -BENB 


19 -BENB 


19 -BENB 















--XB07 
-XB06 
-XB05 
-XB04 



~XB03 
-XB02 
-XBOl 
-XBOO 



B18 



B19 



B20 



DISK CONTROL 



DISK ADDRESS 
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AI:CADRDC;DCDA 



74LS244 
rS BUS DVR 



NC 

NC 
NC 
DATA STROBE LATE 5i 



CYL9 - 

DATA STROBE EARLY- 

CYL8- 

CYLINDER TAG" 

-HEAD TAG L 



74LS157 

QUAD 2- IN 

SELECT 



SEL 
-ENB 



Us — me 



■NC 



-DeUS9 



^ DBUS8 



CYLT- 
CYL6- 
CYL5- 
CYL4- 

CYLINDER TAG L~ 

CYL3- 
CYL2- 
CYLl- 
CYLO- 



CYLINDER TAG L 19 -BENB 



~DBUS7 
-DBUSr. 
-DniiS5 
-DBl^4 



-DBUS3 
-DBUS2 
-DBUSl 



SERVO OFESET- 

SERVO OFFSET PLUS- 

HEADo- 

HE.'VD4~ 



-DBUSO 



MEAD TAG L- 

HEAD3- 
HEAD2- 
HEADl- 
HEADO- 

HEAD TAG L~ 



e06 



74LSZ44 
rS BUS DVR 



19 -BENB 



74LS244 
TS BUS DVR 



-DBUS7 WRITE GATE- 

-0BUS6 READ GATE- 

-DBUSS GND - 

~DBUS4 GND- 

CGNTROL TAG L~ 

-DBUSa FAULT CLEAR- 

-DBUS2 PRE GATE- 

-DBUSl RECALIBRATE- 

-DBUSO GND - 



CONTROL TAG L- 19 -BENB 



-DBUS7 
-DBUS6 



-DBUS5 
-DBUS4 



-DBUS3 
-DBUS2 
-DBUSl 
-DBUSO 



C08 



-CYLINDER TAG L — ^ 
-HEAD TAG L— ^ 



C16 



CONTROL TAG L 



CONTROL TAG L — ^ 




DISK CONTROL 



DISK BUS 



6-JUN-1979 08:00 



AI:CADRDC;DCDBUS 



F.CC30 
ECC 



g^l l 74LS86 >^-FCI29 



E27 



ECC. IN - 
ECC31 - 
EGI29- 
ECC29- 
ECC28 - 
ECC 27- 
ECC26 - 
ECC25 - 

CLK.SRt- 
CLR ECC L- 



74LS273 
OCT REG 



11 ClKt 
I -CI.R 



-ECC31 
-ECC30 
-ECC29 
-ECC28 
-ECC27 
-ECC26 
-ECCZ5 
-ECC24 



ECC21-^' 
ECC. IN ~^^ 



E27 



ECCZ4- 
ECC23- 
ECC22- 
ECI20- 
ECC20- 
ECC19- 
ECC18- 
ECC17- 



74LSZ73 
OCT REG 



17 6 

18 7 



11 CLKt 
1 -CtR 



E27 



-ECC23 
-ECC22 
-ECC21 
-ECC20 
-ECC19 
~ECC18 
-ECC17 
-ECC16 




ECC 16 
ECC 15 
ECC14 
ECC13 
ECC12 
ECHO 
ECCIO 
ECI8 



11 CLKt 
1 -CLR 



-ECC 15 
-ECC 14 
-ECC13 
-ECC 12 
-ECC 11 
-ECCIO 
-ECC9 
-ECC8 



-ECC. OUT 



ECC8- 
ECC7- 
ECG6- 
ECC5 - 
ECC4- 
ECC3- 
ECC2- 
ECCl- 



74LS273 
OCT REG 




1 
2 
3 

13 4 

14 5 

17 6 

18 7 



11 CLKt 
CLR 



— ECC7 
—"ECC6 
— ECC5 
— ECC4 
— ECC3 
— ECC2 
— ECCl 
—ECCO 



D28 



029 



D30 



-ECC31 L-^ 
-ECC30 L 
-ECC29 L-3^ 
-ECC28 L^^ 
-ECC27 L^2i^ 

-ECC26 L-%: 
-ECC25 L-i^ 
-ECC24 l^^ 
-ECC23 L 
-ECC22 L-2^ 





-EeC21 L-^ 
-ECC20 L-^ 
-ECC19 L-^ 
-ECC18 L^^ 
-ECC17 L^^ 

-ECC16 L-^ 
-ECC15 L^^ 
-ECC14 L-lDl^ 
-ECC13 L 
-ECCIZ L-^ 



-ECCll L-%:|74S04; 
"019 






ECZE 



ECZA- 

ECZB- 

ECZC-^ 

ECZD- 

ECZE-^ 

H15-1 

H15II 
HI5^2i. 

H15H1 
HI5-^ 




ECe=ZERO L 



C27 



ECCO- 
ECCl - 
ECC2- 
ECC3- 
ECC4- 
ECC5- 
ECC6- 
ECC7- 

BIT.CLKt- 
RFAD ECC L- 



74LS374 
OCT REG 



17 6 

18 7 



11 CLKt 
OENB 



-XB016 
-XB017 
-XB018 
-XB019 
-XB020 
~XB021 
-XB022 
-XB023 



ECC8 - 
ECC9- 
ECCIO - 
GND- 
GND- 
GND- 
GND- 
GND- 



74LS374 
OCT REG 



U CLKt 
I -OENB 



-XB024 
-XB025 
-XB026 
-XB0Z7 
-XB028 
-XB029 
-XB030 
-XB031 



C29 



C30 



DISK CONTROL 



ERROR CHECKING AND C0RRECTI0I8-0CT-1978 16:53 



AI:CADRDC:DCECC 



GROUN 
<&S> 1 

<MI> — • 

<§n> — '► 

"CD — " 
<CED — y 

<IZ> — ' 
<!!>—► 

GND 



DS 

<E> — j 
<gEI> — *' 
<1I> — " 

<ni> — ^^ 

<ED — • 

<mD — ^• 
< Fn> — * 

<EI2> — > 
<£n> — ^» 

0]> — » 
<Q3> — '^ 

GND 



JUMPERS FOR 1-BOARD VERSION: 



DE2 - DF2 - DH2 

DNl - DM2 

ETl - EP2 - ER2 



ES2 



TO DISK MUX BOARD 

<M>~ — XINIT 

<0£l> — SEL UNIT ATTENTION 

<EI> — ^ANY ATTENTION 

<l2> ^UNIT ATTENTION 

<JjT>- " — LOAD DA L 

<12> — NC 

<M> NO SELECT 

<M> —' MULTIPLE SEUCT 

<mT> -VfRITE DATA 

<12> WRITE GATE 

<il> DISK . CLKt 

<M> ^ READ DATA 

<M> -■ BLOCK , CLKt 

<II> BLOCK . CTRO 



OMITTED DIPS IN 2-BOARD VERSION: 



A7 A8 A9 
AiO B7 B8 



BE CERTAIN TO EDIT THE 
RAY FILE FOR UNDEDICATED 
GROUND PINS ON Jl , J3 



<®2>- 
<E1>- 






cs>- 



-BLOCK.CTRl 
- BLOCK. CTR2 
-BLOCK. CTR3 
-BLOCK, CTR4 
- BLOCK. CTR5 
-BLCCK.CTRB 
-BLOCK. CTR7 
-XBIZ8 
-X8I29 
-XBI30 
-UNITO 
-UNITl 
-UNIT2 

-CYLINDER TAG L 
-HEAD TAG L 



DISK CONTROL 



EDGE CONNECTIONS 



10-JUN-1979 20:33 { Al; CADRDC; DCEDGE 





Z5LS25Z1 
8-BIT CMPR 




-EQUAL 


BLGCK7 1^ 


B7 


BL0CK6 ^ 


B6 


BI0CK5 ^ 


B5 


B10CK4 ^ 


B4 


B10CK3 S 


B3 


BLOCK? i 


B2 


BLOCKl 5. 


Bl 


BLOCKO 2. 


BO 


BLOCK, CTR7 ^ 


A7 


BLOCK. CTR6 ^ 


A6 


BLOCK. CTR5 ^ 


A5 


BLOCK. CTR4 ^ 


A4 


BLOCK. CTR3 ^ 


A3 


BLOCK. CTR2 ^ 


A2 


BLOCK. CTRl- — ^ 


A! 


BLOCK. CTRO ^ 


AO 


GNO ^ 


-ENB 




Cll 



BLOCK CTR EQUAL L 



INCREMENT ADDRESS l-^ 

GND—^ 
GND— ^ 
RSH7 
RSH6 
GNO 
CLK.SRt 
NEXT ADDR STROBE L- 
XINIT L 



P5LS2536 
3 -DECODE 



-ENB 
ENB 



ENB 7 



SEL 2 
SEL 1 
SEL 
-INVERT 



CLKt 

CLK ENB 

CLR 



-NEXT BLOCK L 

ILnext head L 

^^NEXT CYL L 

^^END OF DISK L 

J^NC 

^^NC 

l^NC 

^NC 





25LS25Z1 
8-BIT CMPR 




-EQUAL 




HDCM7 ^ B7 1 


HDCM6 IS. 


m 


I«X>I5 — ^ 


B5 


HDCM4 ^ 


B4 


HDCM3 ^ 


B3 


HDCM2 J- 


B2 


HDCMl ^ 


Bl 


HDCMO 2. 


BO 


RSH7-^ 


A7 


RSH6 ^ 


A6 


RSH5 ^ 


A5 


RSH4 ^ 


A4 


RSH3 ^ 


A3 


RSH2 S 


A2 


RSHl ^ 


Al 


RSHO ^ 


AO 


GND 1 


-ENB 




t!^i 



ISL. 






LS08 «= HEADER MISCOMPARE 

CIS 



UIR. HEADER STROBE— ^^E 
END OF BYTE— 



LS08 
D16 



ll- 



-CHECK HEADER 



UIR. HEADER STROB^-^^ 




LSM 
COS 



NEXT ADDR STROBE L 



A23 



CYLS- 

BLOCKl- 

HEADl- 

CYLl - 

GND- 



CYL8 - 

BLOCKO - 

HEADO - 

CYLO- 

GND- 



UPCO- 
UPCl- 



DUAL 4-1 

SELECT 

74LS153 





1 

2 

3 
-ENB 
OUT 7: 



10: 
II: 1 
12: 2 
13: 3 
15: -ENB 
OUT 9: 



UrSELO 
SELl 



-HDCMl 



-HDCMO 



CYLll- 

BL0CK3-" 

HEAD3- 

CYL3- 

GND- 



CYLIO- 

BL0CK2- 

HEAD2- 

CYL2- 

GND- 



DUAL 4-1 

SELECT 

74LS153 





1 

2 

3 
-ENB 
OUT 7; 



10: 
11: 1 
12: 2 
13: 3 
15: -ENB 
OUT 9: 



UrSELO 
?: SELl 



RSH5- 

BL0CK5- 

HEAD5- 

CYL5- 

GND- 



RSH4-' 

BL0CK4- 

HEAD4- 

CYL4- 

GND- 



5: 




1 
l«: 2 
^3: 3 



DUAL 4-1 

SELECT 

74LS153 



-ENB 
OUT 7: 



10: 
U: I 
12: 2 
13: 3 
15:-EKB 
OUT 9: 



14:SEL0 
I: SELl 



-HDCM5 



RSH7- 

8L0CK7- 

HEAD7" 

CYL7- 

GND- 



RSH6- 

BLOCKO- 

HEAD6- 

CYL6 - 

GND- 





1 

»: 2 
3: 3 
I: -ENB 
OUT 7; 



DUAL 4-1 

SElECr 

74LS153 



10: 
11: 1 
12: 2 
13: 3 
15: -ENB 
OUT 9: 



14:SEL0 
?: SELl 



-HDCM7 



DISK CONTROL 



HEADER COMPARE 



10-JUN-1979 20:34 



AI:CADRDC;DCHDCM 




XBI23- 
XBI22- 
XB121- 
XB120 - 
XBllQ- 
XBI18- 
XBI17- 
XBIie - 
XBIIS- 
XBI14- 
XBIia- 
XBIIZ- 



12 IN 

PARITY 

93S48 



15 



PC 10: 
PO 9: 



-NC 
-XBP2 



G«D- 

GND- 

XBP2 - 

XBPl- 

XB131- 

XBI30- 

XBI29- 

XBI28- 

XBI27- 

XBI26- 

XBIZ5- 

XBI24- 



12 IN 

PARITY 

93S48 



PE 10; 
PO 9: 



;A slight kludge to save 3 DIPs 
XB EVEN PAR XBOPAR 



XB ODD PAR 



.:S 



74LS86 y^ r XBI PARITY EVEN L 



-XBI.IGNPAR L" 



_^^ 



XBI BAD PAR 



-XB EVEN PAR 
-XB ODD PAR 



F13 




GND- 
XBAOPl - 
XBA021 - 
XBA020- 
XBA019- 
XBA018- 
XBA017- 
XBA016- 
XBA015- 
XBA014- 
XBA013- 
XBA012- 



12 IN 

PARITY 

93S48 



PE 10: 
PO 9: 



-XBAOPAR 
-NC 



XB ODD PAR 
-NEW CCW 



XBOPAR - 
-CHAN.MASTER-■ 
GND- 
CHAN WR CYC- 



DRIVE XBUS L- 



MEM SIDE PAR 



LS08 Vtll- 
014 



^gj j 74LS86)liS~l 



MEM SIDE PAR IN 



Dll 



26S10 
OC BUS 
XCVR 



3 

1 6 
11: 2 10 
13: 3 14 

-BO 2 
-Bl 7 
-82 9 
-B3 15 



12:-ENB 



LSM>OS^ 
^23 



-XBTPAR 

-XBI.IGNPAR 

-XBUS. SYNC. WRNG 

_XWR ■ XBUS .SYNC, WRNG-^^ 

—XBUS. PAR 
— XBUS.I6NPAR 
—XBUS. SYNC 
— XBUS.WR 




S04 
D19 



XBUS. SYNC 



F15 



F14 



DISK CONTROL 



PARITY 



6-FEB-1980 00:54 



AI:CADRDC;DCPAR 



;WHEN READING. HAS OHF. LESS THAN THE NUMBER OF 
; VALID BITS ALREADY CLOCKED IN. 
;WHEN WRITING. HAS THE NUMBER OF 
: BITS ALRFiU)Y CLOCKED OUT. 















POSCO 


J^ 


N 


i 


















POSCl -^ 


LSIO )0^END OF BYTE L 








P0SC2 -^ 


__y 








C19 






:N0TE SYNCHRONOUS CLEAR 




















GND-^ 


4BIT CTR 
74S163 


15: 


r— -POSC TC3 


4BIT CTR 
743163 


16: 


4BIT CTR 
74S163 


15: 




4BIT CTR 
74S163 






TC 


TC 


TC 


TC 


i^NC 




^^P0SC3 


GND-^ 


li^P0SC7 


GND-^ 


^^POSCll 


•—POSC. TCI 1 

GNO-^ 




13 D3 


13 03 


13 03 


13 03 


'^POSCIS 




GND-^ 


12 D2 


^^P0SC2 


GNO-Sl 


12 D2 


^^posce 


GND-Sl. 


12 02 


^^POSCIO 


GND -H 12 D2 


^^P0SC14 




GND-^ 


11 Dl 


^3^P0SC1 


GND-^Il Dl 


imposes 


GND-^ 


11 01 


^^P0SC9 


GND-^ 


11 01 


^^P0SC13 




GND-^ 


10 DO 


f^POSCO 


GND-2;- 

10: 


10 DO 


^^P0SC4 


GND-^ 
10: 


10 DO 


^^P0SC8 


GND-^ 
10- 


10 DO 


^^P0SC12 




EMB T 


ENB T 
ENB P 


ENB T 
ENB P 








H15-^ 
HI5-9L1 


ENB P 




7; 


7: 




7' 


ENB T 
ENB P 






- ' 9- 


9: 


q- 






-PE 


-PE 
-CLR 
CLKt 


■ 








CLR POSC L-^ 


-CLR 


1; 


1: 


-CLR 
CLKt 


1: 


-PE 






CLK.SRt-^ 


CLKt 


?.: 


7: 


9- 


-CLR 
CLKt 




















l\ 


B27 






B28 




B29 






B30 




POSCO-^ 








^19 -POSCO-i^ 
POSCl-^ 


u 


HI5-^ 
HT5 -^ 




74LS244 
rS BUS DVR 






74LS244 
rS BUS DVR 














P0SC3-^ 




HI5-^ 


P0SC7 


I 18 


- — XB07 


P0SC15 


I 18 


XP015 




P0SC5-^ 




HI5-^ 


P0SC6 


% 16 


XB06 


P0SC14 


i 16 


XB014 




posce-^ 




POSCl? -^ 


P0SC5 


5 14 


XB05 


P0SC13 3 14 


XB013 




P0SC7-^ 
P0SC8-2^ 
POSCS^^ 

poscioi^ 

PGSC13-121 


S133 fc^POSC'ECC FIELD SIZE-1 


POSC 11-^ 

L POSCIO-^ 

P0SC9-1^ 


^"^ P0SC4 

S133 ::^P0SC=BL0CKSIZE -1 BYTE L 

READ ECC L 


i 12 


XB04 


P0SC12 


B 12 


XB012 




1 -AENB 


1 -AENB 












-P0SC2 L-^ 




B26 ;ECC FIELD SIZE IS 42987. POSCS^^ 
; BITS = 123753' paSC7^^ 


^^29 P0SC3 


11 9 


XB03 


POSCll 11 9 


-XBOll 


-P0SC4 L-2^ 


"-N^ 


P0SC15^^ 




posce-^ 


P0SC2 — 


13 7 


XB02 


POSCIO- — 


13 7 


XBOIO 


P0SC11 L^^ 
P0SC12 L-S^ 


745260) 


5s 141 




POSCB^^ 
P0SC4-1^ 


POSCl 15 6 


XBOl 


P0SC9 


15 5 


XB09 


-CMDl^Si 




POSCO 17 3 


XBOO 


posca^ — 


17 3 


XB08 


FC3C54 L ^-<: 


C26 


;DISASLE WHEW READ-AlL/yRITE-ALL 






























mm ECC L 19 -BENB 






19 -BENB 













DISK CONTROL 



BIT POSITION COUNTER 



30-SEP-1978 01:53 



AI:CADRDC;DCPOSC 



-RFIR SYNC- 



RBUF.ICLK- 



HI6 



0%, 
74LS74 

E02 ' 



CMD.TO.MEMORY^^ 
2= 12= 



T 



RESET ERR L 



RFIRA- 
RFIRB- 



LSOO 

EoT 



RBUF7- 
RBUF6- 
RBUF5- 
RBUF4 ~ 
RBUF3- 
RBUF2 - 
RBUFl- 
RBUFO- 

CLK MWDl- 
CHAN. MASTER L- 



74L§374 
OCT REG 



11 CLKt 
I -OENB 



-XB07 
-XB06 
-XB05 
-XB04 
■-XB03 
-XB02 
-XBOl 
-XBOO 



FIO 




READ OVERRUN 



DATA ACK L 
-MBUSY L 



RSH3 
RSfl2 
RSHl 
RSHO 



RBUF.ICLK 
RBUF.GCLK— i^ 
-MBUSY L— -2i 



mi 67401 
64x4 FI^O 



OUT 



IN ROY 
OUT RDY 
SH IN 
SH OUT 
-CLR 



RBUF3 
RBUF2 
RBUFl 
RBUFO 
RFIRA 
^ — RFORA 



. RBUF7 - 
RBUF6- 
RBUF5- 
RBUF4- 
RBUF3~ 
RBUF2- 
RBUFl- 
RBUFO- 

CLK MWD2- 



74LS374 
OCT REG 



11 CLKt 
I -OENB 



-XBOl 5 

-XB014 

-XB013 

-■XB012 

-XBOll 

-XBOIO 

-XBG9 

-XB08 



ElO 



RBUF7- 
RBUF6 - 
RBUF5- 
RBUF4- 
RBUF3 - 
RBUF2 - 
RBUFl- 
RBUFO- 

CUC MWD3- 



74LS374 
OCT REG 




1 
2 
3 
4 
5 

17 6 

18 7 



11 CLKt 
I -OENB 



-XB023 
-XB022 
-XB021 
~XB020 
-XB019 
-XBOIS 
-XB017 
-XB016 



F09 



E08 



Mt6- 



CLK MWD2— ^ 



CLK l*ID3 



.-jai 



74LS08 P**~ 



QUAO FF 
74LS175 



-0 



-CLR 
CLKt 



^^£^K 



CLK MWD2 
NC 

CLK MWD3 
NC 

MWD FULL 
MWD4 
->M) FULL 



RSH7A- 
RSH6- 
RSH5- 
RSH4- 



.ISj 



mi 67401 
64x4 FIFO 



OUT 



IN RDY 
GUT RDY 
SH IN 
SH OUT 
-CLR 



^^^~-RnUF7 

^ — RBUF6 

RBUF5 

RBUF4 

RFIRB 

^ — RFORB 



E09 



RBUF7- 
RBUF6 - 
RBUF5- 
RBUF4- 
RBUF3 - 
RBUF2 - 
RBUFl - 
RBUFO- 

CLK MWD4- 



74LS374 
OCT REG 




1 
2 
3 
4 
5 

17 6 

18 7 



11 CLKt 
OENB 



-XB031 
-XB030 
-XB029 
-XB028 
-XB027 
-XB026 
-XB025 
"-XB024 



F07 



-mo FULL ^ 


,*.«i\= 1= 


DELAY 
20NS INCS 
TDIOO 




-DATA ACK — ^ 


INPUT 


MWD4-EIF0 


RFORA ^ 


E06 


RFORB -—^ 


20NS 


12i~-NC 




40NS 


^ MWD CLK 




60NS 


ifi^NC 




SONS 


L "' 






lOONS 


^ RBUF.OCLK 



-EMPTY MWD L 



£08 



DISK CONTROL 



READ BUFFER 



30-SEP-1978 04:07 



AI:CADRDC:DCRBUF 




XBArg - 

XBAia- 
XBAI?— 1^ 

<M3>- 



<iOEl>- 
<MEI>~ 



'CSEII>- 



<J05-1Q> - 
<J Q5-11> - 
< J0:3-1?> - 

OQ5-i4> - 





Z5LS2521 
8-BIT CMPR 




-EQUAL 


XBAI17 iS 


B7 


XBA114 ^ 


B6 


XBAIIS— ^ 


B5 


XBA16 ^ 


B4 


XBAI5 a 


B3 


XBAI4 ^ 


BZ 


XBAI3— ^ 


Bl 


XBAI2 3. 


BO 


GND— 12 


A7 


AD14— IS 


A6 


AD13 ^ 


A5 


AD6--U 


A4 


AD5 8. 


A3 


AD4 5. 


A2 


AD3 ^ 


Al 


AD2 2. 


AO 


^: 1 


-ENB 





ia_> 



REG RQ L 



-HIl 

-mu 

-HIl 

-AD13 

-HIl 

-AD6 

-HIl 

-AD5 

-HIl 

-AD4 

-HIl 

~AD3 

-HIl 



<te2i>- 



<mim>~ 



< J65-31> - 



O0S-33> - 



<1EM>~ 



^SOI>- 



REG RQ L- 



DFLAY 
50NS INCS 
Tl)250 



INPUT 



SONS 
IGONS 
150NS 
200NS 
250NS 



ma__. 



REG RQ L- 
REG RQ 250 L- 



E13 



74LS02, 
ElT 



NC 

NC 

NC 

REG RQ 200 L 

REG RQ 250 L 



XACK oirr 



CHAN. MASTER- 
CHAN. WR~ 



^ isos)^ 



CHAN WR CYC 



REG RQ L — ^ 
-XWR L — ^ 



7ALS0ZP^ 



ig>-' 



-REG RQ 200- 
REG RD CYC 

DRIVE XBUS L 








8 WAY 

DECODE 

74S138 






-0 


^^ — READ STS L 




-1 


^ — READ MA L 




-2 


^^^— READ DA L 




-3 


J^-i— READ ECC L 




-4 


^^ — LOAD CMD L 




-5 


*^^^— LOAD CLP L 




-6 


^^-— LOAD DA L 




-7 


^^— -START L 


XWR ^ 


S3 




XBAIl 2l 


S2 




XBAIO ^ 


SI 




REG RQ L ^ 


-ENB 




GND-5^ 


-ENB 




.A3= 6! 


ENB 









E12 



E16 



Ell 



REG RD CYC 



-GND 



-GND 



-GND 



17377774 

1 111 Oil XXl 111 llX XXX X— 

ADDRESS 



-GND 



-GND 



-GND 



DISK CONTROL 



REGISTER ADDRESSING 



8-0CT-1978 16:56 



AI:CADRDC;DCREG 



RBUF«-SH 



-BITXLKt 



H16 



74S74 
BIO 



-RBUF.ICLK 



-NC 



HI 6 




RBUF<-SH 



SHHBUF 



READ DATA ^ 

16 

4 
15 

5 
14 

6 
13 

7 



WBUF.OCLK 



READ COMPARE DIFF 
DATA FIELD 



NC 
GNO 
GND 

GND 
BIT.CLKt 
CLR SH L 



745299 

8-BIT mv 



SER OUT 
SER IN 



PARALLEL 
IN & OUT 
TRISTATE 



SER WJT 
SFR IN 



-0 ENB 
-0 ENB 



SI hd.up. 
SO dn.ld 



CLKt 
-CLR 



-RSH7 
-•RSH6 
-RSH5 
-RSH4 
-RSH3 
-RSH2 
-RSHl 
-RSHO 
-NC 



DIO 



SM.OUT 



RSH7A — ^ 




READ MISCOMPARE 





74S299 
a-Bri UNV 
SHIFT PEG 




SER GUT 


GND ^ 


SER IN 


WBUF7 1£ 




WBUF6 ^ 

WBUF5 ^ 


PARALLEL 
IN & OUT 
TRISTATE 


WBUF4 ^ 




WBUF3 14 




WBUF2 ^ 




WBUFl— -^ 




VBUFO 2. 






SER OUT 


NC-^ 


SER IN 


HI6— ^ 


-0 ENB 


HI6 2. 


-0 ENB 


HI6-~ia 


SI hd,up. 


SHMiBUF ^ 


SO do, Id 


BIT.CLKt-—!^ 


CLKt 


HI6 — a 


-CLR 



-NC 



-SH.OUT 



DISK SIDE PAR- 



DISK DATA- 
DATA FIELD- 



'-U 



— -^ Alfi 



-DISK SIDE PAR IN 



RSH7A- 



RSMO— 13= 
LS04>OS£ 12i 




COS 



LSOO pU=— pR^y^BLE DETECT L 
EoT" 



DISK CONTROL 



SHIFT REGISTER 



10-JUN-1979 20:37 



AhCADRDC;DCSH 



741S244 
fS B'JS \m 



-ACTIVE p 18 

AMY ATTFNTION 1* 16 

SEL UNIT ArTFNnOM JS 14 

fNTR 13 1? 



READ STS \- 



WUITIPLE SELECT {11 9 

NO SEI ECT jl3 7 

SEE UNIT FAULT- — |I5 " 5 

SEL UNIT READ ONLY h? 3 



•READ STS L 19 -BENB 



74LSP44 
rS BUS DVR 



-XBOO 
-XBOl 
-XB02 
-XB03 



-ON CYL SYNC 1 18 

-SEL UNIT ON LINE * 16 

SEL UNIT SEEK ERROR ^5 14 

TIMEOUT ERROR p 12 



-XB04 
-XB05 
-XB06 
-XB07 



START BLOCK ERROR 11 9 

STOPPED BY ERROR 13 7 

OVERRUN- — 15 5 

ECC.SOFT— 17 3 



-AENB 



74LS244 
TS BUS DVfl 



-XBOa 
-XB09 
-XOOIO 
-XBOll 



ECC.HARD f 18 

HEJVDER ECC ERROR * 16 

HEADER COMPARE ERROR p 14 

MEM PARITY ERROR JR 12 



~XB012 
-XB013 
-XB014 
-XB015 



KXM ERROR 
CCW CYC 
READ COMPARE 
INTERNAL PARITY ERR( 



11 

13 

DIFF 15 



19 -BENB 



74LS244 
TS BUS DVR 



-XB016 
-XB017 
-XB018 
-XB019 



BLOCK. CTRO- 
BLOCK.CTRl- 

BL0CK.CTR2 fe 

BLOCK. CTR3 3 



-XB020 
-XB021 
-XB022 
-XB023 



BLOCK. CTR4- 
BL0CK.CTR5- 
BL0CK.CTR6- 
BL0CK.CTR7- 



-XB024 
-XB025 
-XB026 
-XB027 



~XB028 
-XB029 
-XB030 
-XB031 



WRITE OVERI 
READ GVERI 



9=f74LS32; 
Bll 



OVERRUN 



NXM ACK 

NEW CCW 

XBI BAD PAR 

MEM SIDE PAR I 

NC- 
NC- 
NC- 
NC- 

CHAN.ACK.Tl- 
RF5ET ERR L- 



MEM SIDE PAR 
DISK SIDE PAR- 



74LS273 
OCT REG 




1 
2 
3 
4 
5 

17 6 

18 7 



111 CLKt 
CLR 



-NXM ERROR 

-CCW CYC 

-MEM PARITY ERROR 

-MEM SIDE PAR 

-NC 

-NC 

-NC 

~NC 



WRITE OVERRUN IN {3 

DISK SIDE PAR II 

HEADER MISCOMPARE 17 

READ MISCOMPARE- 

BAD START BLOCK 113 

SET ECC.SOFT 114 

-WFOR 
-RFIR 118 



BIT.CLKt 

RESET ERR L 



74LS273 
OCT REG 



II CLKt 
-CLR 



-WRITE OVERRUN 
-DISK SIDE PAR 
-HEADER COMPARE ERROR 
-READ COMPARE DIFF 
-START BLOCK ERROR 
-ECC.SOFT 
—WFOR SYNC 
—RFIR SYNC 



BUSY 
-CMDO-^ 

BUSY- 
CMDO- 



LSOO 
A2"a 



LSOO 
A28 



READ ACTIVE L 



WRITE ACTIVE L 



NC 

NC 

NC 

SET ECC.HARD I 

RESET ERR 



3:-S 
?:-S 
1;-R 



SET HEADER ECC L 12 rS Q 9: 



74S240 
INVERT 
TS BUS DVPl 



D24 



-INTERNAL PARITY ERROR 



AIG 



START BLOCK- 
ERR IF START BLOCK-^ 



LS08 
DIB 



BAD START BLOCK 



READ ACTIVE 
WRITE ACTIVE 
-ON CYL SYNC 
TRANSFER LOSSAGE 

GND- 

FORMAT LOSSAGE L~ 

ECC LOSSAGE L- 

DISK LOSSAGE L- 

NC- 

GND- 



-LED. READ ACTrVEQiE3> 

-LED.WRITE ACTIVfi3IE2> 

-LED.SEEK<IIO> 

-LEO. TRANSFER LOSSAG^HE^ 



-LED. FORMAT L0SSAGF3IE5> 
-LED.ECC L0SSAGBQIE1> 
-LED. DISK L0SSA6K3I]E2> 
-LED.U«JSEDOTEa> 



END OF DISK L- 

RESET ERR L- 

TIMEOUT L- 

RESET ERR L- 



QUAD S/R 

LATCH 

74LS279 



Q4: 



:-S 
:-R 



7: 



llrS 
10 .-R 



15 rS 
14 rR 



013: 



-ECC.HARD 



-HEADER ECC ERROR 



-TIMEOUT ERROR 



TIMEOUT 
HI2 



•~^J74Lsg)lls^T 



A30 



DISK CONTROL 



STATUS 



5-FEB-1 980 01:50 



Al: CADRDC; DCSTS 



:LIE CAPS El AT 



VCO.Cl- 



K 



VC0.C3— -^ 
NXM.C-^ 
VCC-— ^ 
vcc — Si 
VCC — ^ 
GND 



npp 



lgrpVC0.C2 



1 r isr 

^ H^krr-VCO.CA 



R7 






lOQOi pF 
-^ F-tjrpNXM.RC 



10: 



VCC 



15jl 



2V- 



TIMEOUT ENB L-^ 



-XBUS.EXTGRANT.IN 



GND- 



74LS124 
DUAL VCO 



OUT 



FREO 



-ENB CI 



C2 



GND 



-TIMEOUT. CLK 
•.Period = 12 ms 



^jL_u 



GND" 





741S124 
DUAL VCO 


15i 


VCC 




OUT 


Mi 


RANGE 


_li 


FREO 


111 


-ENB CI 




C2 


™fij. 


GND 



'-— 2USEC.CLKt 
PERIOD =1.8 - 2.0 usee. 

^^VC0.C3 
^2i-VC0.C4 



B04 



NXM.C — 


;15 uS 

Q 
26S02 


— NXM.RC 

k-«c 


HAN.PWSTER-i42^t> 
H15— LU^4^ 


809 


^ NXM 


13: 
HI5 






-TIMEOUT ENB L 



;Noniial1y GND, HI for debugging 



-GND 





DUAL 
COUNTER 






D 
C 
B 
A 


^^ TIMEOUT 

^^— NC 
"^NC 
U^NC 


1.^= 


COUNT* 
CLR 




-ACTIVE— i^ 

TIMEOUT. CLK — ^ 
-ACTIVE— 2* 




D 
C 
B 
A 


>s 


^ NC 

^ NC 

2S— NC 


COUNT* 
CLR 




C03 





;1.5 SEC 



DISK CONTROL 



TIMEOUT 



7-0CT-1980 22:12 



Ah CADRDC; DCTMOT 



■Odj-iuV- 






<iEEI>- 
<HTF78> - 



<wrTT> - 



-vcc 
-vcc 

-GND CLR BC L | 

- TR I DENT . . COMPSEC IDX/ 

-GNO SECTORt IT 

-TRIDENT. 0. ATTENTION/ 

-GND 

-IRIDFNT.O. SELECTED/ 

-GND 



CLEARS BLOCK CTR 



tj'—iL 



;2,0-2.5 USEC 



1 r 

T T 

SECTOR PULSE INDEX PULSE 



-UNIT.O.SECTOR^ 



<IlEIS>- 

<ISE1>- 

<J03-25>- 



< JC3-3> - 
<'U3-?> - 

<mzzz>- 

<J03-1> - 



- TRIDENT. 0. SEQUENCE/ 

-GND 

-TRIDENT. 0. SELECT/ 

-GND 

-TRIDENT. DATA. P 

-GND 



;Set sector length Jumpers 
-.drive to 1410 (octal) 
.MNhlcli Is 1164. bytes. 



-TRIDENT. 0. DATA. M 

-GND 

-TRIDENT. 0. CLOCK. P 

-GND 

-TRIDENT. 0. CLOCK. M 



:J3, remove dedicated grounds 21-30 
: Delete pins 11 and 31 



NC-^ 

NC-^ 

NC— ^ 

NC— ^ 

GNO-1^ 

GND- 

UNIT.O.SECTORt- 

HI7- 

HI7-il 

UNIT CLR BC L^ 

GNO-^ 

HT7 - 



74LS569 
3-S CTR 



CLK CRY 
-TC 



La_NC 
£13 



J^BL0CK.CTR3 
^^BL0CK.CTR2 
'^BLOCK.CTRt 
^^BLOCK.CTRO 



-CET 
-CEP 
CLKt 

upz-m 

-LOAD 
-S CLR 



OUT ENB 
-A CLR 



BOS 



NC-^ 

6ND- 
6110 -fil 

GNO-^ 
GND-^ 



330 pF 



Q 
26S02 

GND-^i^ri ««% 

UNIT.O.SECrURt--ai^* J R^Q 



16: 




VCC 



?^ 



MLSUOS^ 1 



UN I T.O. SECTORt 
BLOCK. CLKt 



-UNIT CLR BC L 



-NC 



3=1 
HI7 



jj^ — TRIDENT.O, CLOCK. P 
—■ TRIDENT. O.CLOCK.M 
|;^r— TRIDENT . O.DATA. P 



UNIT SELECTED-^^4LS1' 
'A07 



XBUS. POWER. OK- 
HI?- 




NO SELECT 



-LOAD DA--^tlIl 
-XiNIT-^tifii 



y. TRIDENT . . DATA . M 



75452 yyu TRIDENT.O. SEQUENCE/ 

B05@3 

75452 ViSUSa— TRIDENT . .SELECT/ 
B05@3 



A09 



-.ADDITIONAL PARTS ARE ON 'DCTRSG' 



. 1 uF 
-5V 5Ma\ I l-rr — -GND 



TTl^ rrr- 



GND- 
GND- 



-TYPHI 
-TYPEO 



; Trident Is type 



NC~^ 
NC— ^ 
NC— ^ 
NC- 
H 



-12 



74LS569 
3-S CTR 



CLK CRY 
-TC 



^S~NC 

^2-NC 

^3-BLOCK.CTR7 

1^BL0CK.CTR6 

l^BL0CK.CTR5 

^^BL0CK.CTR4 



-CET 
-CEP 
CLKt 

UP/-DN 
-LOAD 

-S CLR 



-OUT ENB 
A CLR 



TRIDENT .0 . CLOCK .l4^ 

TRIDENT.O. CLOCK. P^^ 

HI7-M 

TRIDENT.O. DATA. P-^ 

TRIDENT.O. DATA. M-2^ 

HI7- 

HI7- 

-5vl3iJ 



75107 B 
DIFF RCVR 



h- I DISK. CLKt 

='^-4 UNI T.O. CLOCKt 



G 
-5 V 



READ DATA 

UNIT READ DATA 



HI7 
4h 



WRITE DATA — ^ 



0^0 
74S74 

BIO 



DISK.CLKt.— .^3l|>C .Qpl NC 



T 



-WRITE DATA B 



WRITE DATA B-^ 
HI7 

WRITE GATE-^ 
NC 
NC 
NC 



AND IN 
ENB 



UNIT 5ELECTE1 






75110 
DIFF DRIVER 



^^~ TRIDENT.O. DATA. P 
-TRIDENT.O. DATA. M 



AND IN 
ENB 



ENB 
-5 V 



^35-iic 
i^NC 



DISK CONTROL 



SINGLE TRIDENT 



10-JUN-1979 21:54 



AI:CADRDC;DCTRID 



<ME2S>~ 

<J01-45> - 

<JOt-ia> - 



Op] -44>- 



< J01-18> - 



< JUl-4;?> - 



< J0t-16> - 

<ior-"4T> - 



■ O01-14> - 

<IiIEIa>- 



<IEM>- 



<J01-12> - 
< JUl-3ti> - 



<J 01-10> - 
< J01-35> - 

<jor9> - 



< J01-34> - 
< JUl-33> - 

<ior7> - 



<SE32>- 



< J01-3i> - 

<J0T-"5>- 



<)U1-3Q>- 

<SOZi>- 



<JQl-29> - 

<1E2>- 



< J01-?8> - 
< JDl-27> - 

:J1, re 



-TRIDENT, SECTOR/ 

-TRIDENT. END.OF.CYL/ 

-TRIDENT.ADDR.MK.DET/ 

-TRIDENT. OFFSET/ 

-VCC 

-TRIDENT. INDEX/ 

-VCC 

-TRIDENT. READY/ 

-GND 



-TRIDENT. READ. ONLY/ 
-GND 



- TRIDENT . DEVICE .CHECK/ 

-GND 

-TRIDENT. ON. LINE/ 

-GND 



-TRIDENT. SEEK. INC/ 

-GND 

-TRIDENT. SPARE/ 

-GND 

- TRIDENT. BUS9/ 

-GND 



-TRIDENT.BUS8/ 

-GND 

- TRIDENT. BUS7/ 

-GND 



- TRIDENT. BUS6/ 

-GND 

-TRIDENT. BUS5/ 

-GND 

-TRIDENT.BUS4/ 

-GND 

- TRIDENT. BUS3/ 

-GND 

- TRIDENT. BUSZ/ 

-TRIDENT. TER. IN/, 

-TRIDENT. BUSl/ 

-TRIDSNT. CONTROL. TAG/ 

-TRIDENT.BUSO/ 

-TRIDENT.CYL.TAG/ 

-TRIDENT. HEAD. TAG/ 



remove dedicated gnds 26-45 
:DeIete pins 21 and 46 



TRIDENT. READY/ 
GND 
TRIDENT. READ. ONLY/ — ^ 
GND— ^ 
TRIDENT. DEVICE . CHECK/— ^ 
GND 
TRIDENT. ON. LINE/ — ^ 
GND 



SEL UNIT ON CYL 



A04 

SEL UNIT FAULT 



TRIDENT. SEEK. INC /- 

GND 

TRIDENT. 0. ATTENTION, 

GND 

TRIDENT.O. SELECTED, 

GND 

TRIDENT. O.CCMPSECIDX A 

GND 




SEL UNIT READ ONLY 



SEL UNIT ON LINE 



-SEL UNIT ON LINE 



SEL UNIT SEEK ERROR 



UNIT ATTENTION 



A07 

UNIT SELECTED 



UNIT.O.SEaORt 



100 ohn 

8-pin 
SIP 

with 
bypass 

















AOiea 




100 ohfT 

8-pin 
SIP 

with 
bypass 


r(i9) 


3(18) 


*(17) 


>(16) 


HIS) . 


TIU) 





A0ie20 




ton ohn 

8-pin 
SIP 

with 
bypass 


}• 












"1 ■ 1 



A05 
TRIDENT. READ.ONLY/ 
TRIDENT. READY/ 
TRIDENT. HEAD. TAG/ 
TRIDENT. CYL, TAG/ 
TRIDENT. CONTROL. TAG/ 
TRIDENT.BUSO/ 

TRIDENT .BUSO/ 
TRIDENT. BUSl/ 
TRIDENT. BUS2/ 
TRIDENT. BUS3/ 
TRIDENT. ©.ATTENTION/ 
TRIDENT.O. SELECT/ 

TRIDENT. ON. LINE/ 

TRIDENT. BUS7/ 

TRIDENT. BUSS/ 

TRIDENT. DEVICE. CHECK/ 

NC 

NC :NOTE- 



UZ}- 



330 
ohm 



U2X. 



mi- 



lO-pin 
SI 



U^X- 



HIl 
HI2 
HI3 
HI4 

Si^J^HIS 

-HI7 
-HIS 



mi- 



mx- 



A06@l 



DBUSO^^^ 
MTZ&tl2i 

HI2-2i^ 

DBUS2^i^ 
uroUm 



75452\&Cm 



BOl 



75452 
BOl 
75452 



TRIDENT.BUSO/ 



TRIDENT. BUSl/ 



TRIDENT. BUS2/ 



BO 163 



D8US3 
HI2 



DBUS4 
HI2 



gj 75452 VjiL. — 



TRIDENT. BUS3/ 



TRIDENT. BUS4/ 



A02 



DBUS5 
HI2 



zxiajf >y. 



D8US6- 
HI2- 

0BUS7^t^ 



TRIDENT. BUS5/ 



TRIDENT. BUS6/ 



DBUSS-^^ 



DBUS9^^^^ 

. Hizstm 



75452 b&U§i 

A02@3 

\ \ 

75452 b3(9) 

B03 

J2J 75452 \M^ULX 



TRIDENT. BUS7/ 



TRIDENT. BUSS/ 



B03 



LOO ohn 

8-p1n 
SIP 

with 
bypass 


1(19) 


J(18) 


^fl7) 


if 16 V 


5fl5) 


^14) 





TRIDENT. SEEK. INC/ 
TRIDENT . . C(»!PSECIDX/ 
TRIDENT.O. SELECTED/ 
TRIDENT. BUS4/ 
TRIDENT. BUS5/ 
TRIDENT. BUS6/ 



CYLINDER TAG- 
TAG ENABLE 



TRIDENT.BUSO/ 



TRIDENT. CYL. TAG/ 



B0383 



HEAD TAG^i-1^ 
TAG ENABLESUfii 



\ V 

75452 baUSjL 



B03§3 



A06820 



CONTROL TAG-Uil 
TAG ENABLE -^^ 



TRIDENT. HE AD. TAG/ 



TRIDENT. CONTROL. TAG/ 



pinout differs on ser#I 



B02e3 



DISK CONTROL 



TRIDENT SIGNAL CABLE 



30-JUL-1979 02:11 



Al: CADRDC; DCTRSG 



GND- 
HI6- 

-FOSC=BLOCKSIZE -1 BYTE— ^ 

-0« CYL SYNC 

-BLOCK CTR EQUAL- 

-PREAMBLE DETECT--^ 

-POSC=ECC FIEIi) SIZE -h-^ 

-END OF BYTE 



UIR.LSZ 
UIR.LSl 
UIR.LSO 

6ND- 



8 IN 

SELECT 

74S151 



DO 
1 
2 
3 
4 
5 
6 
7. 



SEL2 
SELl 
StLO 



-CE 



All 




-END OF BYTE- 
Hie - 
SH.OUT- 
ECC.OUT- 
GND- 



UIR.WSO- 
UIR.WSl- 



DUAL 4-1 

SELECT 

74LSi53 





1 

2 

3 
-ENB 
OUT 7 



10: 
11: 1 
12: 2 
13: 3 
15:-EMB 
OUT 9: 



fl4:SEL0 
SELl 



—LOOP 



-ECC=ZERO 
UIR.JUMPl 



UIR,JUMPO 




LSOO 

oii" 



LS04, 
COB 



-MBUSY- 
DONE TEST- 

LAST CCW- 

CMD.TO.MEMORY- 

-CW)!- 

DONE TEST- 



JUMP70 L 



UIR.JUMPO L 



HI6 

GND 

GNO 

GND 

GND 

-LOOP L 

UCLKt 

HI6 

JLWP7D L 

UIR.JUMPO L 

GND ^ 

-BUSY L 



74LS569 
3-S CTR 



CLK CRY 
-TC 



-CET 
-CEP 
CLKt 
UP/-DN 
-LOAD 
-S CLR 



OUT ENB 
-A CLR 



UPC3 
UPCZ 
UPCl 
UPCO 



NC- 

NC- 

HI6- 

HI6- 



JZ 



9S42 
AND-OR 



15: 

i 
14: 

13: 

11: 
10: 



; Applies to READ 
icofumnti only. 



-DISK DATA 
DISK DATA — ^ 



D20 



-W, 



ECC.OUT 



UIR.WSl— i^ 
UlR.WS0--i2£ 

-WRITE DATA 



74LS86 ; 

— --— 
Dll 



Luur 



LSOO pLU , 



LS08 
Die 



D18 ECC FEEDBACK ENABLE 



ECC.IN 

UIR,FS2- 

UIR.FSl- 

UIR.FSO- 

UCLKt - 

GND- 

HI6- 



74LS569 
3-S CTR 



CLK CRY 
-TC 



NC 
19 NC 



— NC 
—NC 

15 UPC5 

Lfi — -UPC4 



-CET 
-CEP 
CLKt 
UP/-DN 
-LOAD 
-S CLR 



-OUT ENB 
A CLR 



COl 



CLR ECC L 
POSC^ECC FIEU) SIZE -1 



74S08 
D17 



CLR pose L 



8 UAY 

DECODE 

74LS138 



4; 



_4=i 



TEST HEADER ECC L 
h,. TEST HEADER ECC L- 

i^2^— SET ECC. HARD L c- 74LS32; 

yy, -ECC=ZERO L — S=^ 

i^*— TEST ECC L ^ 

ft^^ — CLR ECC L 



WiL^i 



S3 
S2 
SI 



-ENB 
-ENB 
ENB 



TEST ECC L ^ 

ECC=ZERO L — Sac 



74LS02P SET ECC. SOFT 



NC 



EU 



^^" ^ ^ -ECC=ZER0~i3i^ LSOi 

INCREMENT ADDRESS L 

NC 




SET HEADER ECC L 



ECC=ZERO 



C23 



D12 



D13 



DISK CONTROL 



MICROCODE CONTROL 



10-JUN-1979 20:40 



Ah CADRDC; DCUC 



mi- 

UI6-" 
U15- 
UI4- 
UI3- 
UI2- 

un- 

UIO- 

UIRXLKt- 
-BUSY L- 



74LS273 
OCT REG 



11 CLKt 
CLR 



-UIR.JUMPl 

-UIR.JUMPO 

--UIR.LS2 

-UIR.LSl 

-UIR.LSO 

-UtR.FSZ 



-UIR.FSO 



U115- 
UI14- 
UI13- 

un?- 
uni- 

UIIO- 
UI9~ 
UI8- 



74LS273 
OCT REG 



ill CLKt 
CLR 



-GET DATA 

-ERR IF START BLOCK 

-UIR.WSl 

-UIR.WSO 

-DONE TEST 

-UIR.CSl 

-UTR.CSO 

-NC 



UI23 - 
UI2Z- 
UI21- 
UI20 - 
UIID- 

uiia- 

UI17- 
UI16- 



74LS273 
OCT REG 




1 
2 
3 
4 
5 

-17 6 
18 7 



11 CLKt 
I -CLR 



-CYLINDER TAG 
-HEAD TAG 
-TAG ENABLE 
-READ GATE 
-WRITE GATE 
-PRE GATE 
-UlR. HEADER STROBE 
-DATA FIELD 



D06 



CMD2 13 

CMDl 
CMDO 

UPC5 Ifi 

UPC4 
UPC3 
UPCZ 
UPCl 
UPCO 



GND ^ 



512X3 
TS PROM 
74S472 



07 
D6 
D5 
D4 
D3 
02 
Dl 
DO 



A8 
A7 
A6 
AS 
A4 
A3 
A2 
Al 
AO 



~CE 



yL 



13 UI6 

fi^— UI5 
— U14 
— UI3 
— UI2 
~UI1 



-UIO 



_ia 



Jia 



512X8 
TS PROM 
74S472 



05 
04 
03 
02 
Dl 
DO 



A8 
A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 



-CE 



-0114 
-UI13 
~UI12 

-uni 
-uno 

-UI9 
-UI8 



OS 



D03 



512X8 
TS PROM 
74S472 



07 
D6 
05 
04 
D3 
02 
01 
00 



A8 
A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 



-CE 



-0123 
-UI22 
-UI21 
-UI20 
-UI19 
-UI18 
-Oil 7 
-UI16 



DISK CONTROL 



MICROCODE INSTRUCTION 
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AI:CADRDC;DCUI 



WFORB ' 



-WFOR SYNC — ^ 

SIWrfBUF^ — ^ 

CMD.FROM.MEMORY — ^1 



LSOO 



WFOR L 



WBI3 
WBt2 
WBll 
WBIO 




WRITE OVERRUN IN 

WBUF.ICLK 



SK IN 
WBUF.OCLK-^SH OUT 
-BUSY L- 



-CIR 



.M 67401 
&4x4 FIFO 



IN RDY 
OUT RDY 



WBUF3 
WBUF2 
WBUFl 
WBUFO 
WFIRA 
^ — WFORA 



WBI7- 
WB16- 
WBI5- 
WBI4- 



J5j 



mi 67401 
64x4 FIFO 



IN RDY 
OUT RDY 
SH IN 

SK an 

-CLR 



-WBUF7 



iMJt y 

Hi — WBUF6 
WBUF5 
WBUF4 
WFIRB 
WFORB 



FOZ 



FOl 



XB17- 
XBI6- 
XBI5- 
XBI4- 
XBI3- 
XBt2 - 
XBIl- 
XBIO- 



CHAN.ACK.TO- 
MRDEl L- 



74LS374 
OCT REG 



3 
% 

-7 

-3 
3 
14 
17 
18 



[11 CLKt 
-OENB 



MRDEl 



MRDE2 



-MRDE3 



-BUSY L 
MRD CLK 



-WBI7 

-WBI6 

-WBI5, 

-WBI4:- 

--WBI3 

■-WBI2 

-WBIl 

-WBIO 





QUAD FF 
74LS175 




-^£l 


D 


Q 
-0 


J: 


5: 


D 


Q 
-0 


3: 


12: 


D 


Q 



ill 


13: 


D 



-0 


15: 


1; 
9: 


-eiR 

CLKt 





MROEl 
MROEl 



MRDE2 
MRDE2 



MRDE3 
MR0E3 



-MRDE4 
MRDE4 



XBI15- 
XBI14- 
XBI13- 
XBI12- 
XBIll- 
XBIIO- 
XBIQ- 
XBI8- 



MRDEZ L- 



74LS374 
OCT REG 



11 CLKt 
I -OENB 



-WBI7 

-wni6 

~WBI5 
-WBI4 
-WBI3 
"^IZ 
-WBIl 
-WBIO 



F04 



DATAACK L 

loJ 



XBI23 - 
XBI22 - 
XBI21 - 
XBI20- 
XBIIO- 
XBI18- 
XBI17- 
XBI16- 



MR0E3 L- 



-MRDE3 



12s 



74LS74 
E02 
MRD CLK— ll^xC^Q 

13s 



0^ 

:7i 



-MRD FULL 



-BUSY L 



;Idle state has MRDE4 asserted. 
;MRD Flft.L clears on sarae clock 
:that sets MRDE4. Fifo will 
;a1ways gobble byte witftln 105 ns 
; before channel can clobber H. 



74LS374 
OCT REG 



ill CLKt 
OENB 



-WBI7 
~WBI6 
-WBI5 
-WBI4 
-WBI3 
-WBI2 
-WBIl 
-WBIO 



FOB 



XBI31- 
XBI30- 
XBI29- 
XBI2B- 
XBI27- 
XBI26- 
XBI25- 
XBIZ4- 



MRDE4 L- 



74LS374 
OCT REG 



1 CLKt 
-OENB 



-WBI7 
-WBI6 
-WBI5 
-WBI4 
-WBI3 
~WBI2 
-WBIl 
-WBIO 



MRD FULL—^^ 


\h 1= 


DEUY 
20NS INCS 
TDIOO 




-DATA ACK— ^ 


INPUT 


FIFO* MRD 


WFIRA -i2^ 


E06 


WFIRB —ifS 


20NS 


12^NC - 




40NS 


^ MRD CLK 




60NS 


^NC 




SONS 


22— NC 






lOONS 


^ WBUF.ICLK 



EOl 



DISK CONTROL 



WRITE BUFFER 
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AI:CADRDC;DCWBUF 



NC- 
XBAOPAR- 
XBA021- 
XBAOZO- 



DRIVE XBUS ADDlf L ^IZ:-ENB 



CHAN.MASTER 



13s 




S04 
D19 



DRIVE XBUS ADDR L 



XBAOll- 
X8A010- 
XBA09- 
XBAOB- 



Z6S10 
OC BUS 
XCVR 



3 

1 6 
II: 2 10 
13: 3 14 

-BO 2 
-Bl 7 
-B2 9 
-B315 



-NC 

-XBAIPAR 

~XBAI21 

-XBA120 

-MC 

— XADDR.PAR 

— XADDRZl 

— XADDR20 



EZ4 



DRIVE XBUS ADDR L 12:-ENB 



26S10 
OC BUS 
XCVR 



3 

1 6 
11: 2 10 
13: 3 14 

-BO 2 
-Bl 7 
-BZ 9 
~B3 15 



-XBAIll 
-XBAIIO 
-XBAI9 
-XBAI8 
— XADDRll 
— XADDRIO 
— XAD0R9 
— XADDR8 



XBA019- 
XBA018- 
XBA017- 
XBA016- 



*: 



26S10 
OC BUS 
XCVR 



3 

1 6 
11: 2 10 
13: 3 14 

BO 7 
Bl 7 
BZ 9 
B315 



-XBAIig 
-XBAI18 
-XBAI17 
-XBAUe 
— XADDR19 
— XADDR18 
— XADDR17 
—XADDRie 



XBA07 - 
XBAG6- 
XBA05 - 
XBA04- 



26S10 
OC BUS 
XCVR 



%'. 3 
1 6 
11: 2 10 
13: 3 14 
-BO 2 
-Bl 7 
-BZ 9 
-B315 



12:-EIIB 



-XBAI7 
-XBAie 
-XBAI5 
-XBAI4 
— XADDR7 
— XADDR6 
— XA0DR5 
— XADDR4 



XBA015- 
XBA014- 
XBA013- 
XBA012- 



26S10 
OC BUS 
XCVR 



*: 3 
5: 1 6 
U: 2 10 
13: 3 14 
-BO 2 
-Bl 7 
-BZ Q 
-B315 



-XBAI15 
-XBAI14 
-XBAI13 
-XBAI12 
— XADDRIS 
— XAD0R14 
— XADDR13 
— XADDR12 



XBA03- 
XBA02- 
XBAOl - 
XBAOO- 



26510 
OC BUS 
XCVR 



3 

1 6 
11: 2 10; 
13: 3 14 

-BO 2 
-Bl 7 
-82 9; 
-B315 



IZ:-ENB 



-XBAI3 
-XBAI2 
-XBAIl 
-XBAIO 
— XADDR3 
— XADDR2 
—XADDRl 
— XADDRO 



F21 



DISK CONTROL 



XBUS ADDRESS XCVRS 
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AI:CADRDC;DCXBSA 





2GS10 
OC BUS 
XCVR 


XBIO 


XB04 


26S10 
OC BUS 
XCVR 


XBI4 


XB08 


26S10 
OC BUS 
XCVR 


XB18 


XB012 


26S10 
OC BUS 
XCVR 


XBOO 


%i 3: 


*: 3 


1: 3: 


*: 3: 


XBOl 


>: 1 6: 


XBIl 


XB05 


>: 1 6 


XBI5 


XB09— 1 


>: 1 6: 


— XBf9 


XB013 


i: 1 6: 


X802 


11: 2 10: 


XBI2 


XB06 


11: 2 10 


XBI6 


XBOIO 


11: 2 10: 


XBIIO 


XBOl 4 


11: 2 10: 


XB03 


13: 3 14: 


XBI3 


XB07 


13: 3 14 


XBIT 


XBOll 


13: 3 14: 


— -XBIll 


XB015 


13: 3 14: 




-BO 2: 


XBUSO 




-BO 2 


■ -XBUS4 




-BO 2: 


— -XBUS8 




-BO 2: 




-Bl 7: 


XBUSl 




-Bl 7 


XBUS5 




-Bl 7: 


-XBUSO 




-Bl 7: 




-B2 9: 


XBUS2 




-B2 9 


XBUS6 




-B2 9: 


XBUSIO 




-B2 9: 




-B3 15: 


X8US3 




-B3 15 


XBUS7 




-B3 15: 


XBUSll 




-B315: 


IVE XBUS L 


12:-FNB 


12:-ENB 


12:-ENB 


12:-ENB 















"-XBI12 
-XBIl 3 
-XBI14 
-XBri5 
— XBUS12 
— XBUS13 
— XBUS14 
— XBUS15 



F25 



F26 



E28 





26S10 
OC BUS 
XCVR 




XB016 


♦ : 3: 


XBI16 


XBG17 


>: 1 6: 


XBI17 


XB018 — 


11: 2 10: 


XBIIS 


XB019 


13: 3 14: 


—XBIIO 




-BO 2: 


XBUS 16 




-Bl 7: 


- — XBUS17 




-B2 9: 


X8US18 




-B315: 


XBUS19 


(BUS I 


12:-ENB 







XB020- 
XB021- 
XB022 - 
XB023- 



26S10 
OC BUS 
XCVR 



3 

1 6 
11: 2 10 
13: 3 14 

-BO 2 
-Bl 7 
-B2 9 
-B3 15 



12:*ENB 



~~XBI20 
— XBI21 
— X8I22 
--XBI23 

XBUS20 

XBUS21 

— XBUS22 
— XBUS23 





26S10 
OC BUS 
XCVR 




XB024 


i: 3: 


XBI24 


XB025 


>: 1 6: 


XBI25 


XB026 — 


11: 2 10: 


XBI26 


XB027 


13: 3 14: 


XBI27 




-BO 2: 


XBUS24 




-Bl 7: 


— -XBUS25 




-B2 9: 


-~ — XBUS26 




-B315: 


XBUS27 




12:-ENB 











26S10 
GC BUS 
XCVR 




XB028 


*: 3: 


XBI28 


XB029 


i: 1 6: 


XBI29 


XB030 


11: 2 10: 


XBI30 


XB031 


13: 3 14: 


XBI31 




-BO 2: 


-— XBUS28 




-Bl 7: 


XBUS29 




-B2 9: 


XBUS30 




-B315: 


XBUS31 




12:-ENB 









F28 



£29 



E29 



f30 



DISK CONTROL 



XBUS DATA TRANSCEIVERS 
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AI:CADRDC;DCXBUS 





26S10 
OC BUS 
XCVR 




xnoo — 


»: 3: 


XBIO 


XBOl — - 


J: 1 6: 


XBIl 


XB02 


11: 2 10: 


XBI2 


xno3 — 


13: 3 14: 


XBr3 




-BO 2: 


XBUSO 




-Bl 7: 


XBUSl 




-B2 9: 


- — XBUS2 




-B3 15: 


XBUS3 


3US L 


12:-ENB 







XB04 
XB05 
XB06 
XB07 



26S10 
OC BUS 
XCVR 



3 

1 6 
11: 2 10 

: 3 14 
-BO 2 
-Bl 7 
-B2 9 
-B315 



12:-EKB 



-XB14 
-XBI5 
-XBI6 
-XBI7 
— XBUS4 
~-XBUS5 
— XBUS6 
— XBUS7 



XB08- 

XB09- 

XBOIO- 

X8011- 



26S10 
OC BUS 
XCVR 



3 

1 6 
11: 2 10 
13: 3 14 

-BO 2 
-Bl 7 
-B2 9 
-B315 



l2:-fNB 



-XBI8 
-XBI9 
-XBIIO 
-XBIll 
— XBUS8 
— XBUS9 
— XBUSIO 
— XBUSl 1 





26S10 
OC BUS 
XCVR 




XBOl 2 


*: 3: 


XBI12 


XB013 


K 1 6: 


XBI13 


XBOl 4 


11: 2 10: 


XBIU 


XB015 


13: 3 14: 


- — XBI 15 




-BO 2: 


XBUS12 




-Bl 7: 


XBUS13 




-B2 9: 


XBUS14 




-B315: 


XBUS15 




12:-ENB 









r25 



F26 





26S10 
OC BUS 
XCVR 




XB016 


1: 3: 


XBIie 


XB017 


>: 1 6: 


XBI 17 


XH018 


11: 2 10: 


XBIIB 


XB019 


13: 3 14: 


XBIig 




-BO 2: 


XBUS16 




-Bl 7: 


XBUS17 




-B2 9: 


XBUS18 




-B3 15: 


XBUSig 


ICBUS L 


12:-ENB 







XB020- 
XB021 - 
XB022- 
XB023- 



26S10 
OC BUS 
XCVR 



3 

1 6 
11: 2 10 
13: 3 14 

-BO 2 
-Bl 7 
-B2 9 
-B3 15 



12.-EKB 



-XBI20 
--XBI21 
-XBI22 
-XBI23 
— XBUS20 
— XBUS21 
— XBUS22 
— XBUS23 



X8024- 
XB025- 
XB026- 
XB027- 



26S10 
OC BUS 
XCVR 



: 3 

: 1 6 

1: 2 10 

3: 3 14 

-BO 2 

-Bl 7 

-B2 9 

-B315 



12:-EKB 



-XBI24 
~XBI25 
~XBI26 
-XBI27 
— XBUS24 
—XBUS25 
— XBUS26 
— XBUS27 





26S10 
OC BUS 




XB028- — 


»: 3: 


X8I28 


XB029 


5: 1 6: 


— XBI29 


XB030 


11: 2 10: 


XBI 30 


XB031 


13: 3 14: 


XBfSl 




-BO 2: 


XBUS28 




-Bl 7: 


XBUS29 




-B2 9: 


XBUS30 




-B315: 


XBUS31 




12:-ENB 









F28 



E29 



F29 



F30 



DISK CONTROL 



XBUS DATA TRANSCEIVERS 
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AI:CADRDC;DCXBUS 



<OEI>- 



<MI>- 

<S;I>- 
<£E3>- 
<fm>- 

<iin>- 



<QZ>- 



<li>- 



<iEi>- 



<on>- 



<sii>- 



<81Z>- 



-G»JD 
-GNO 
-GND 



<A2>- 

<ES2>- 



-GND 
-G.NO 
-GND 



-+1ZV 
-+t2V 



5V 

5V 

< £!!?> 5V 

<gn|> 5V 

<ED 5V 

<cl2> 5V 



<M>- 



~+5V 
-'+5V 

-+5V 






-XBUS.PAR 

XRUSO 

XBUSl 

<1IE> XI3US7- 

< SCl> XBUS3 

<Sn> XBUS4 

<EST> X3US5 

<gvl> ~-XBUS6 

< gvD XBUS7 

<S2>- 



<HJlV 



— XBUS8 
— X)3US9 
— XBIJSIO 
— XBUStl 
— XBUS12 
— XBUSt3 
— XBUS14 
— XRUS15 
— XBUS16 
— XBUS17 
— XBUS18 
— XBUS19 
— XBUSZO 
— XBUSZl 

XBUS22 

XBUS23 

XBUS24 

XBUS25 

XBUSZ6 

XBUS27 

XBUSZ8 

— — -XBUS29 

XBUS30 

<M> -XBUS31 

<^3> ~ — XBUS32 

<S3> XBUS33 

-^al> XBUS34 

<^§i> XRUS35 



<SFfV- 
<gL2>- 
<gj2V- 

<AFn>- 

<m>~ 



WT> XADOR . PAR 

<gMZ> -XADORO 

< SVD XADDRl 

<@iZ> XADDR2 

4nj?> -XAD0R3 

<tn>- — XAD0R4 

<P5F>- XAD0R5 

<SI> X/VDDR6 

<^S> XADDR7 

<$IR1>— XADDR8 

<IpI> — XAD0R9 

<SP1> XADDRIO 

'€n2> XAIX>R11 

< nM?> XAD0R12 

<SPl> XADDR 13 

<Ii2>~ XADDR14 

•^0> XADDR15 

'<SX2>- 



<gKl>~ 



— XADfJRie 

XADDR17 

<S2I> XAD0R18 

-(^^^^ XADDR19 

'<@2> -XADDR20 

"<SHi> XADDR21 



<1T>- 



€Li>- 



XBUS35 

— XnUS37 

<El> XBUS38 

<tSI> X8US39 

<SII> -XBUS40 

^MD — XBUS41 



<M>- 
<CE1>- 



cn>- 



—xbus.ro 

— XBUS.ACK 

— xbus.wr 
—xbus.ignpar 
— xbus.init 
— xbus.extro 
— xbus.busy 
— xbus.sync 
— xbus.intr 
— xbus.extgrant.in 
— xbus.ext6rant.0ut 
-xbus. power. ok 



XBUS 



BACKPLANE CONNECTIONS 
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AhCADRDCjXBUS 



<5EI>- 

<E>- 
<on>- 

<iin>- 



-GND 
-GNO 
-GNO 
-GNf) 



-GND 



-GND 






<CII> 



-GND 
-GND 
-GNO 



<®>- 
<1I>- 



-+12V 
-+12V 



<m>- 



<CIE>- 






— 5V 
— 5V 
— 5V 
— 5V 
— 5V 
— 5V 






-+5V 
-+5V 
-+5V 



^^S2> +5V 

4M> +5V 

4M> +5V 



<E>- 

<sn>- 

<M>- 

< gDi> - 
<Sl2>- 
<M2>- 
<S3>- 
<5Ez>- 



— XBUS.PAR 
— XBUSO 

— X8u:si 

— XBIJS2 
— XUUS3 
— XBUS1 
— XBUS5 

- xuu:,6 
— xnus7 
— xnuse 
— xnus9 

— XBUSIO 
— XBUSll 

XBUSIZ 

— XRUS13 

XBUS14 

<®EZ>- XBUS15 

< SpT> XBUS 16 

XBUS37 

XBUS 18 

<®> —XBUS 19 

<MT> -XBUSZO 



<S>- 



<s>- 



— XBUS21 
— XBUSZZ 

< ??kT> XRUS23 

<307> XBUSZ4 

< S3T) XBUS25 

<gHZ> XBUS26 

<MI> XnUS27 

<§££>—— - XBUS28 

<m> XBUSZ9 

^D- XBUS30 

<M> XBUS31 

<M> XBUS32 

<^I> XRUS33 

<ffi> XBUS34 

^SD — XBUS35 



<HE> XADDR . PAR 

■€V?> XADDRO 

<gvT> XADDR 1 

•<£ni> XADDR? 

<^U1> -X.'y)!)R3 

C2> XADDR4 

<nS> XAIM )R5 

<OSD — XAD?3R6 

<^II> -XAD0R7 

"WJj XAD0R8 

<E> XADDR9 

<gFl> — XADORIO 

<I^N2> XAIX)R 1 1 

<M> XADDR 12 

< l5Ml> XADDR 13 

MD XADDR14 

^SlT> XADDR15 

<SM> XADDR 16 

•<ffi>— XADDR17 

'd2> XADDR18 

<EID XADDR19 



■€BI>- 



<1I>- 






— XADOR20 
— XADQR21 



XBUS35 

XBUS37 

XBUS38 

<M> XBUS39 

<ni> — XBUS40 

<1I> XBUS41 



<M> xnus . PQ 

<E2> XBUS.ACK 

<JT£> XRUS.WR 

-CBZ) XB»J5. IGNPAR 

<Jl> XHUTi.TNlT 

<IC) XBUS.HXfHQ 

•CE2>- — - XBUS. BUSY 

<K> XBJJS.SYNC 

<EZ> —XBUS . INTR 

<Bi>-^ XBUS.EXTGRANT. IN 

<PI> XBUS.EXTGRANT. OUT 

<SI> XBUS . POWER . OK 



XBUS 



BACKPLANE CONNECTIONS 



19-DEC-1979 00:54 
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LISP Machine Disk Controller CADRDC;DC UML 

•**••*• DIP MAP ••••••• 



lO-DEC-80 1753 



26S10 
DCXBUS 


X 


F30 


26S10 
DCXBUS 


X 


F29 


26S10 
DCXBUS 


X 


F28 


26S10 
DCXBUS 


X 


F27 


26S1G 
DCXBUS 


X 


F26 


26S10 
DCXBUS 


X 


F25 


26S1G 
DCXBSA 


X 


F24 


26S10 
DCXBSA 


X 


F23 


26S10 
DCXBSA 


X 


F22 


26S10 
DCXBSA 


X 


F21 


26S10 
DCPAR 


X 



74S260 
DCECC 


XX 


E30 


26S10 
DCXBUS 


X 


E29 


26S10 
DCXBUS 


X 


E28 


74LS86 
DCECC 

xxxx 


E27 


74LS374 
DCCCW 


X 


E26 


74LS374 
DCCCW 


X 


E26 


26S10 
DCXBSA 


X 


E24 


26S10 
DCXBSA 


X 


E23 


74LS669 
DCCCW 


X 


E22 


74LS569 
DCCCW 


X 


E21 


74LS74 
DCCCW 

XX 



74LS273 
DCECC 



D30 



74LS273 
DCECC 



74LS273 
DCECC 



D28 



74LS273 
DCECC 



D27 



74LS374 
DCCLP 



D26 



74LS569 
DCCLP 



D25 



74LS273 
DCSTS 



D24 



74LS569 
DCCLP 



74LS569 
DCCLP 



D22 



74LS569 
DCCLP 



9S42 
DCUC 



74LS374 
DCECC 

X 


C30 


74LS374 
DCECC 

X 


C29 


74S260 
DCECC 

XX 


C28 


74S133 
DCECC 

X 


C27 


74S260 
DCPOSC 

XX 


C26 


74LS374 
DCCLP 

X 


C26 


74LS374 
DCCLP 

X 


C24 


741S04 
DCCLP 

XXX XXX 


C23 


25LS2521 
DCHDCM 

. X 


C22 


74LS176 
DCCMD 

X 


C21 


1 TD250 
DCCHAW 
1 • x| 



C2D 



74S163 
DCPOSC 


X 


630 


74S163 
DCPOSC 


X 


B29 


74S163 
DCPOSC 


X 


B28 


74S163 
DCPOSC 


X 


B27 


74S133 
DCPOSC 


X 


826 


74LS244 
DCPOSC 


X 


B25 


74LS244 
DCPOSC 


X 


B24 


74LS374 
DCCLP 


X 


B23 


74LS193 
DCDA 


X 


B22 


74LS193 
DCDA 


X 


B21 


74LS244 
DCDA 


X 



74S240 
DCSTS 



A30 



74S133 
DCPOSC 



74LS00 
DCCMD 



A28 



74LS153 
DCHDCM 



A27 



74LS153 
DCHDCM 



74LS153 
DCHDCM 



74LS153 
DCHDCM 



25LS2536 
DCHDCM 



A22 



74LS193 
DCDA 



74LS193 
DCDA 



A20 
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LISP Machine Disk Controllei 



CADRDC; DC UML 
••» DIP MAP ••••••• 



lO-DEC-80 1754 





26S10 
DCCHAN 

X 




F19 




26S10 
DCCHAN 

X 


F18 




9S42 
DCCHAN 

XX 


F17 




74LS74 
DCCLK 

XX 


F16 




93S48 
DCPAR 

X 


F15 




93S48 
DCPAR 

X 


■ F14 




93S48 
DCPAR 

X 


F13 




93S48 
DCPAR 

X 


F12 




93S48 
DCPAR 

X 


Fll 




74LS374 
DCRBUF 

X 


FIO 




74LS374 
DCRBUF 

X 



F09 





TDIOO 
DCCHAN 

X 






E19 




74S11 
DCCHAN 

XXX 






E18 




74S74 
DCCHAN 

XX 




E17 




74S02 
DCREG 

XXXX 




E16 




74S133 
DCREG 

X 




■ E15 




25LS2521 
DCREG 

X 




E14 




TD250 
DCREG 

X 




E13 




74S138 
DCREG 

X 




E12 




74LS02 
DCREG 

XXXX 




Ell 




67401 
DCRBUF 

X 




ElO 






67401 
DCRBUF 

X 





74S04 
DCXBSA 

xxxxxx 



74LSG0 
DGUC 

XXXX 

D18 



74S08 
DCUC 



D17 



74LS08 
DCUC 

XXXX 



74LS74 
DCCLK 



D1& 



74LS08 
DCSH 

XXXX 



74LS138 
DCUC 



74LS153 
DGUC 



D12 



74LS86 
DCPAR 

XXXX 



74S299 
DCSH 



DIO 



74LSn 
DCCCtf 



E09 





74LS10 
DCCMD 

XXX 






C19 




74S51 
DCCLK 

XX 




C18 




74S37 
DCCLK 

XXXX 




C17 




74LS32 
DCCMD 

XXXX 




C16 




74LS08 
DCRBUF 

XXXX 




CIS 




74LS74 
DCCLK 

XX 




C14 




74S74 
DCCLK 

XX 




C13 




74LS273 
DCSTS 

X 




C12 




25LS2521 
DCHDCM 

X 




" Cll 




74LS273 
DCCMD 

X 




CIO 






74LS244 
DCDBUS 

X 





74LS244 
DCDA 



B19 



74LS244 
DCDA 



74LS244 
DCDA 



B17 



74LS02 
DCCLP 



B16 



74LS21 
DCBUSY 



74S74 
DCBUSY 



74S260 
DCBUSY 



B13 



74LS279 
DCSTS 



74LS32 
DCSH 

XXXX 

"TTT 



74S74 
DCSH 



26S02 
DCTMOT 



B09 





74LS193 
DCDA 

X 




A19 




74LS193 
DCDA 

X 




A18 




74LS193 
DCDA 

X 


A17 




74LS86 
DCSH 

XXXX 


A16 




74LS244 
DCSTS 

X 


A15 




74LS244 
DCSTS 

X 


A14 




74LS244 
DCSTS 

X 


A13 




74LS244 
DCSTS 

X 


" A12 




74S151 
DCUC 

X 


All 




76107 
DCTRID 

XX 


" AlO 




DUMMY 
DCTRID 

X 



A09 



AI: CADRDC; DC UML 
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LISP Machine Disk Controller CADRDC;DC UML 

*»••*•• DIP MAP ••*••«• 



lO-DEC-80 1758 



74LS374 
DCRBUF 


X 


F08 


74LS374 
DCRBUF 


X 


F07 


74LS374 
DCWBUF 


X 


F06 


74LS374 
DCWBUF 


X 


F05 


74LS374 
DCWBUF 


X 


F04 


74LS374 
DCWBUF 


X 


F03 


67401 
DCWBUF 


X 


F02 


67401 
DCWDUF 


X 



74LS175 
DCRBUF 



TDIOO 
DCRBUF 



£07 



74LS21 
DCRBUF 



74LS08 
DCSH 

xxxx 

-for " 



74LS00 
DCSH 

XX ox 

__ 



74LS175 
DCWBUF 



E03 



74LS74 
DCRBUF 



E02 



FOl 



TDIOO 
DCWBUF 



EOl 



74LS273 
DCUI 



D08 



74LS273 
DCUI 



D07 



74LS273 
DCUI 



D06 



74S472 
DCUI 



D05 



74S472 
DCUI 



D04 



74S472 
DCUI 



D03 



74S299 
DCSH 



DOl 



74LS244 
DCDBUS . 


X 


C08 


74LS244 
DCDBUS 


X 


C07 


74LS157 
DCDBUS 


X 


C06 


74LS04 
DCDBUS 

xxxxxx 


C05 


DUMMY 
DCTMOT 


X 


C04 


74 393 
DCTMOT 

XX 


C03 


74LS569 
DCUC 


X 


C02 


74LS569 
DCUC 


X 



COl 



74LS569 1 
DCTRID 

x{ 


B08 


74LS569 
DCTRID 

X 


B07 


74LS74 
DCBUSY 


xo 


B06 


75452 
DCTRSG 


XX 


BOS 


74LS124 
DCTMOT 


XX 


804 


75452 
DCTRSG 


XX 


603 


SIPIOO- 
DCTRSG 


W 


B02 


76452 
DCTRSG 


XX 



75110 
DCTRID 



A08 



74LS14 
DCTRID 

XXXXXO 



SIP330-1 
DCTRSG 



A06 



DUMMY 
DCTRSG 



A05 



74LS14 
DCTRSG 

XXXXXX 

___ 



DUMMY 
DCTRSG 



A03 



75452 
DCTRSG 



SIP 100-8 
DCTRSG 



AOl 
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•*•••** EDGE CONWECTIONS Flags: (# Output, § Terrninator. - — 



1759 
Dedicated ground, ++++ Dedicated power) **••••• 

-C- -D- 



Al -XBUS35 

A 2 +5 . OV+-J-++++++++++++++++ 



Bl -XBUS34 
B2 -5.0V 



I CI -XBUS33 
C2 GND 



JEl -XBUS30 
jE2 -XBUS29 



Fl GND 

F2 -XBUS28 



HI -XBUS27 
H2 -XBUS26 



Jl -XBUS25 
J2 -XBUS24 



Kl -XBUS23 
K2 -XBUS22 



■XBUS21 
•XBUS20 



Ml -XBUS19 
M2 -XBUS18 



jNl GND 
N2 -XBUS17 



IPl 
P2 



•XBUS16 
•XBUS15 



'XBUS14 
•XBUS13 



51 -X0US12 

52 -XBUSll 



Tl GND 

T2 -XBUSIO 



Ul -XBUS9 
U2 -XBUS8 



IVl 
V2 



■XBUS7 
■XBUS6 



Al -XBUS5 #|A1 

A2 +5 . 0V++++++++++++++++++ |a2 +5 . 0V++++++++++++++++++ 



Bl -XBUS4 
B2 -5.0V 



CI -XBUS3 
C2 GND 



■XBUSD 
XBUS.PAR 



Fl GND 

F2 -XADDR.PAR 



HI -XADDR21 
H2 -XADDR20 



■XADDR19 
■XADDR18 



#JK1 -XADDR17 
#|K2 -XADDR16 



LI -XADDR16 
L2 -XADDR14 



Ml -XADDR13 
M2 -XADDR12 



Nl GND 

N2 -XADDRll 



^'IPl -XADDRIO 
# P2 -XADDR9 



Rl -XADDR8 
R2 -XADDR7 



■XADDR6 
■XADDR5 



Tl GND 

T2 -XADDR4 



"XADDR3 
■XADDR2 



#|V1 
# V2 



•XADDRl 
-XADDRO 



Al 

A2 +5.0V++4-+++4-++++++++-f++ 



Bl -XBUS41 
B2 -5.0V 



•5.av 



CI -XBUS40 
C2 GND 



ICl 
§ C2 GND- 



Dl -XBUS32 

D2 -XBUS31 # 


Dl -XBUS2 # 
D2 -XBUSl » 


Dl -XBUS39 

D2 -XBUS.RQ # 


Dl 

D2 XINIT » 



■XBUS38 
XBUS.ACK 



El 

E2 SEL UNIT ATTENTION 



Fl GND 

F2 -XBUS.WR 



eiFl GND 

#|f2 any attention 



HI -XBUS.EXTGRANT.IN 
H2 -XBUS.IGNPAR 



HI 

H2 UNIT ATTENTION 



Jl -XBUS.EXTGRANT.OUT 
J2 -XBUS.INIT 



#IK1 XBUS. POWER. OK 
#|K2 -XBUS.EXTRQ 



LI -XBUS37 
L2 -XBUS.BUSY 



Ml -XRUS36 
M2 -XBUS.SYNC 



Nl GND 
N2 



#|P2 -XBUS.INTR 



Tl 6ND- 
T2 



# VI 

# V2 



Jl 

J 2 -LOAD DA 



IKl 
»]¥.! NC 



LI 

L2 NO SELECT 



I Ml 
#|M2 MULTIPLE SELECT 



8 



Nl GND 

N2 WRITE DATA 



PI +12. OV 

P2 WRITE GATE 



Rl +12. OV 
R2 DISK.CLK- 



I SI +12. OV 
S2 READ DATA 



Tl GND 

T2 BLOCK, CLK* 



Ul 

U2 BLOCK. CTRO 



VI 

V2 BLOCK, CTRl 



AI: CADRDC; DC U«L 
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LISP Machine Disk Controller CADRDC;DC UML lO-DEC-80 
•♦*•*** EDGE CONNECTIONS Flags: (# Output, § Terminator. 



-E- 



-F- 



1759 
Dedicated ground, 

-JOl- 



Oedicated power) 
-J02- 



•**•••• 



Al 



iAl 



A 2 -♦■5.0V++++++++++++++++++ A2 +5 . OV++++++++-H.++++++++ 



CI 

C2 GND- 



Dl 

D2 BL0CK.CTR2 



El 

E2 BL0CK.CTR3 



Fl GND 

F2 BLOCK. CTR4 



HI 

H2 BLOCK. CTR5 



Jl 

J2 BLOCK. CTR6 



Kl 

K2 BLOCK, CTR7 



[Ml 
M2 XB129 



jNl GND 
N2 XBI30 



jPl 
P2 UNITO 



Rl 

R2 UNITl 



SI 

S2 UNIT2 



T1 GND— — - 

T2 -CYLINDER TAG « 



Ul 

U2 -HEAD TAG 



VI 
V2 



101 TRIDENT. CYL. TAG/ 

1 02 TRIDENT. CONTROL. TAG/ 



CI 
@ C2 6ND- 



Dl 
if D2 



El 
# E2 



eiFl GND 
# F2 



HI 
# H2 



Jl 
» J2 



}H1 
iSf M2 



§ Nl GND 
# N2 



|P1 
P2 



6 Tl 6ND- 

# r2 



Ul 
it UZ 



IVl 
V2 



05 GND 
e 06 GND 



§ 05 
6 06 



to? GND 
08 GND 



09 GND 

10 GND 



e 09 

e 10 



11 GND 

12 GND 



8 11 
e 12 



13 GND 

14 GND 



8 13 
8 14 



15 GND 

16 GND 



8 15 
8 16 



117 +5.0V 
18 +5.0V 



18 



121 
22 



121 
22 



123 
24 



126 

126 TR IDENT. HEAD. TAG/ - 



125 
S'|26 



27 TRIDENT. BUSO/- 

28 IRIDFNf.BUSl/- 



#|27 
# 28 



(20 TRIDENT.BUS2/- 
1 30 TRIDENT. BtlS3/- 



#r29 
a 30 



31 TRIDENT.BUS4/- 

32 TRIDENI.BUSS/- 



H 31 
a 32 



133 TRIDFNT.BUS6/- 
|34 TRlDbNT.BUS7/- 



» 33 
U 34 



135 TRIDFNT.BUS8/- 

136 TRIDENT. BUS9/- 



#|35 
#36 



137 TRIDENT. SPARE/ 

{38 TR1DENT.SEEK.INC/- 



[37 
8 38 



139 TR IDF NT. ON. L INF/- 

1 40 TRIDENT. DEVICE. CHECK/- 



8(39 
8 40 



41 TRIDENT.READ.ONLY/- 

42 TRIDENT, READY/ 



(43 TRIDENT. INDEX/-- 
(44 TRIDENT. OF FSET/- 



|43 
44 



45 TRIDENT, END. OF. CYL/- — 

46 - - — 



|49 
50 



(49 
50 



Bl Bl 

B2 -5.0V B2 -5.0V 


03 TRIDENT. TER. IN/ 

04 GND 8 


03 
04 



LI 

L2 XBI28 # 


LI 
L2 


19 TRIDENT. ADDR.MK.DET/ 

20 TRIDENT. SECTOR/ 


19 
20 







47 -....-.- — ... 

4g -._--_«-..-__„_-._»»« « 


47 — ,^.. 




48 ---.-------—---—--—-- 
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CADRDC; DC UML lO-DEC-80 1759 
EDGE CONNECTIONS Flags: {ff Output, 8 Terminator, Dedicated ground, ++++ Dedicated power) 



-J03- 



-J04- 



101 GND 
f02 GND 



e 01 
e 02 



03 GND 

04 GND 



9 03 
§ 04 



05 GND 

06 GND 



8 [05 
8 06 



07 GND 

08 GND 



8 07 
8 08 



-J05- 



-J06- 



101 HU 
02 AD14 



03 HIl 

04 AD 13 



05 HIl 

06 AD6 



8 05 
06 



107 HIl 
08 AD5 



09 GND 

10 -•■5.0V 



8|09 
10 



119 
20 



119 
20 



123 TRIDENT. 0. DATA. M- 
24 TRIDENT. 0. DATA. P- 



» 23 
# 24 



09 HIl 

10 AD4 



8 09 
10 



11 HIl 

12 AD3 



13 HIl 

14 AD2 



8 13 
14 



15 HIl 

16 -TIMEOUT ENB 



(15 
16 



117 
18 



123 
24 



21 TRIDENT. 0. CLOCK. M — 

22 TRIDENT. 0. CLOCK. P-—— 


21 ———.—_ 


21 
22 


21 1 

22 1 





125 TRIDENT. 0. SELECT/ 

I 26 TRIDENT. 0. SEQUENCE/ — 



#126 
#26 



27 TRIDENI.O. SELECTED/ — 

28 TRIDENT. O.ATTENTION/- 



8 27 
8 28 



I 29 TRIDENT. O.COMPSECIDX/- 
|30 +5.0V- — — - 



133 
34 



135 
36 



139 
40 



8 29 
30 



|37 
38 



139 
40 



125 
26 



27 GND- 
28 



29 6ND- 

30 — — 



31 6ND- 
32 



33 GWD- 
34 



36 GND- 
36 



37 GND- 
38 



139 6ND- 
40 



41 GND- 
42 



47 
48 



49 
50 



8 27 
28 



8 29 
30 



8 31 
32 



8133 
34 



8135 
36 



8 39 
40 



8 41 
42 



47 
46 



49 
50 



1 




43 


43 — 1 




^^ " 1 






45 >— — — 


46 — 
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••••**♦ EDGE CONNECTIONS Flags: {it Output, § Terminator. 



1 03 
04 



109 
10 



11 

l^ 



I" 

18 



1 23 
24 



125 
26 



1800 



-J07- 



-J08- 



123 
24 



133 
34 



-- Dedicated ground, ++++ Dedicated power) 
•J09- -JIO- 



»***••• 



01 
02 


01- 
02 


01 
02 


01 
02 



109 
10 



115 
16 



125 
26 



[33 
34 



137 
138 



141 
42 



43 • 
44-' 



49 
50 



105 
j06 


05 
06 


05 
06 


06 
06 



107 
08 



13 
14 


13 
14 


13 
14 


13 
14 



19 
20 


19 
20 


19 
20 


19 
20 



i35 
36 



139 
40 



143 
44 



1 




45 ^ . 

45 —-.-.«-._-«•_„.»,_»,_«..__ 


45 -— -*——.- 




46 ---------*—--------—- 






47 — - — - 

43 ——- — --.--._«.-___„>.«._ 


47 — - 







49 
50 



AI: CADRDC; DC UML 



12/10/80 17:52:26 



Page 10 



LISP Machine Disk Controller CADRDC;DC UML lO-DEC-80 1800 

******* EDGE CONNECTIOHS Flags: (# Output, 8 Terminator, -— Dedicated ground, ++++ Dedicated power) ••*••♦♦ 

-Jll' -J12- 



01 LED. READ ACTIVE it 

02 LED. WHITE ACTIVE # 


101 
102 


103 LED. SEEK # 03 
|04 LED. TRANSFER LOSSAGE » 04 


105 LED.FORMAF LOSSAGE # 
(05 LED.ECC LOSSAGE # 


!05 
106 


107 LED. DISK LOSSAGE #107 
|08 LED. UNUSED #|08 


|09 
[lO 


09 
10 


n 

12 


11 
12 


13 13 

14 14 


15 15 

16 15 


17 
18 


17 
18 


19 
20 


19 
20 


21 : 

99 -.-. — --.--.--».««-,«__..__«___ 


21 










9A -—--.---.-~-_— --_-«_««_» 


n _-«_- -„__-._«_ 








j.OR -__„^_»«_ .. oe .« -_»»«>„„... 




27 — — 

90 _-.-._-.____-.___«».__»__ 










29 — - 


29 — - 1 




3" ■ ' 1 


31 - — — — 31 - ~-^— 




j33 -— — — 

134 — - - 


33 — — - 

o* „_«_«« 1 


34 — — » j 


35 

Ofi -»«-.-__«. 




35 ._...„ ._ 1 




37 — -- 137 - - — 


»>0 _--—..--- « ,»_ i^y __-.« _-._.»_.-_—««-..« 






\ ATS --.-—-_--_-.____««»«,».___ 


3y ---—.-..-_—__- — -.»«_« 






















1 



MULTIPLF StLECr-^ 

NO SELFXT-^I 

Stf UNIT FAUIT-^ 

-SEL UNIT ON LINEi^)^*^^^^J 

SEL UNIT SEEK ERROR^ 

" B13 



-DISK LOSSAGE L 



TIMEOUT ERROR— 
MEM PARITY ERRI 
WRITE OVERRUN^ 
READ0VERRUN-§i-)'^2^«> 
NXM ERROR 



START BLOCK ERROI 

HEADER COMPARE ERROR-^j 

HEADER ECC ERRO 

e«om)74S26oJ 

RESET ^ 



ECC. SOFT 
ECC. HARD 




DISK TOSSAGE t ^^ "C 



-CMD2 l-^^ 

C16 
:MIGHT BE CLEARING FAULT 



TRANSFER LOSSAGE L- 
FORMAT LOSSAGE L- 
ECC LOSSAGE L 



TRANSFER LOSSAGE L 



FORMAT LOSSAGE L 




ECC LOSSAGE L 



LOSSAGE L 
00NE-2l|r 



74574 



BH 
UCLKt -3SJ>C -^o|Bl:-.BUSy 



T 



-BUSY 



START L 



MSTART L 




-LAST CCW^^ D ^ 
74S74 

814 

END PAGE CLK-^>C -^Q^ — MBUSY 



^ 



STOPPED BY ERROR L 



LOSSAGE L 
4= 



GND-2= ^ Q 
74LS74 

806 

RESET ERR L-^ >^' „ HJ 



^^-STOPPED BY ERROR 
^^-STOPPED BY ERROR 



'1 

START L 



DISK CONTROL 



BUSY, LOSSAGE 



7.0CT-1980 21:32 



AI:CADRDC;DCBUSY 



I 



vcc 

± 
I 



vcc 

I 



22UF 
15V 



2ZUF 
15V 



C1791 



Z2UF 
15V 



C2881 



I 



vcc 

I 



vcc 



22UF 
15V 



22UF 
15V 



B1391 



22UF 
15V 



I CZ381 



CU.SRt- 



ABOVE DIP 
BtT.CLKt » M 4?M^XZaXvcC 
^GND 



L2.^^39?v~itm 



E0181 



ABOVE DIP 

-iP3^0imvcc 



II_..3??v-imjL 



E2781 



ABOVE DIP 
-iC^^OOQivcc 






'■GND 



01461 



DISK CONTROL 



CAPACITORS 



9-JUL-1979 05:39 



AI:CADRDC;DCCAPS 



NC- 
NC- 
XB121- 
XBI20- 
XBIig- 
X6I18- 
XBin- 
XBI16- 

CCW CLK- 
-NCW CCW L- 



74LS374 
OCT REG 



17 6 

18 7 



11 CLKt 
i -OENB 



t26 



-NC 

-NC 

-XBA021 

-XBAOZO 

-XBA019 

-XBAOta 

-XBA017 

-XBA016 



XBUS- 
XBn4~ 
XBI13- 
XBn2- 
XBIll- 
XBIIO- 
XBI9- 
XBI8- 



74LS374 
OCT REG 



[11 CLKt 
OENB 



-XBA015 

-XBA014 

-XBA013 

-XBA012 

-XBAOll 

-XBAOIO 

-XBA09 

-XBA08 



NC 

NC 

NC 

NC 

GND 

GND 

CHAW. MASTER 1 

HIl 

HIl 

NEW CCW V 

-NEW CCW L— ^ 

lOAD CLP L 



E25 



74LS563 
3-S CTR 



CI K CRY 
-TC 



19- 



14 



XBA03 

XBA02 

XBAOl 

iS-~-XBAOO 



-CET 
-CEP 
CLKt 
UP/-DN 
-LOAD 
-S CLR 



OUT ENB 
-A CLR 



NC 

CCW CRY L 



NC 
NC 
NC 
NC 
CCW CRY L 



74LS569 
3-S CTR 



CLK CRY 
-TC 



END PAGE CLK 
^ END OE PAGE 



XBA07 

XBA06 

XBA05 

Ifi XBA04 



-CET 
-CEP 
CLKt 
UP/-DN 
-LOAD 
-S CLR 



-OUT ENB 
A CLR 



EZ2 



NEW CCW — 
CHAN.ACK.TO — 
-CHAN.ACK.Tl— ^^ 




XBIO- 



CCW CLK 



DOS 



CCW CLK — 3=>C -^ 
•^ R 



HIl 

A. 



74LS74 



T 

HIl 



HIl 

IOe 



-LAST CCW 



-LAST CCW 



-END OF PAGE— ^ D ^ ^ 

74LS74 



CHAN. MASTER L- 



E20 



T 



START L 



NEW CCW 



DISK CONTROL 



CHANNEL CONTROL WORD 



7-0CT-1980 21:32 



Al: CADRDC; DCCCW 



CHAN.ACK.IO- 
-CHAN.ACK.Tl 

-NEW CCW— i^ 



CHAN.ACK.n- 





CZ3 



DATA ACK L 



CHAN.ACK.Tl L 




SIX 
E18 



NEED XBUS 



MrfD FULI- 
CMD.TO.MFMORY- 

-MRD FULL- 

CMD.FROM.MF.MOBY- 

MBUSY- 



9S42 
AND-OR 



CHAN.RQ- 
-CHAN.STOP- 
-CHAN.MASTER^^ 



EXTGRANT.TN-^ 
-CHAN. MASTER- 
-EXT RQ SYNC-^ 



;OELAY FOR OUTPUT PARITY COMPUTATION 
;AND FOR ADDRESS TO SETTLE 



NEED XBUS-2i- 




EXTGRANT.OUT 



E17 
XBUS.SYNC-2l.>C .Q 



H14 

A. 



74S74 



^1 



T 

HI4 



CHAN.MASTER- 
HM- 



l: 



EXT RQ SYNC 
-EXT RQ SYNC 



EXTGRANT.IN- 

EXT RQ SYNC ^ 

HI4- 
HI4 - 



9S4Z 
AND-OR 



H[4 



JLZs 



74S74 



E17 
XBUS. SYNC ■2^^>C -^0 



il~, 



CHAN. MASTER 



—CHAN. MASTER 



13= 



-CHAN.RQ 



CHAN.MASTER-i^ 



CMD. TO. MEMORY- 
-NEW CCW 



D20 



LS08 
C15 



CHAN.WR 



DELAY 
20NS INCS 
TDIOO 



20NS 
40NS 
60NS 
SONS 
lOONS 



CHAN.ACK.Tl L- 

-XACK I S^ 



F17 
RESET 



74LS02J 

Bii" 



lis-. 



r 



Mk 



CYCLE END 



S02 
Et6 



-CHAN. STOP L 



•*^NC 
"il-NC 



-NC 



I 



' 0, 
74LS74 

F16 



il-( 



CHAN.XREQ 
-CHAN.XREQ 



XACK 
NXM ACK 



SOZ 
E16 



CHAN.XREQ L E16 



JlE 



TIMING 



E19 
-CHAN.MASTE 
CHAN. ACK. Tl^ 




LS02 
Ell 



EXT.GO.OUT 



EXT BUSY SYNC 



DONE INTR ENB 
-ACTIVE 

ATTN INTR ENB- 
ANY ATTENTION- 
-ACTIVE 
NI4 





9S42 
AND-OR 


J — 


15: 

A 

14: 


J — 


13: 9: 


1 — 


12:. 


— 


11: 


— , 


10: 



NEED XBUS— 

GND — 

EXTGRANT.OUT — 

INTR-— 



-INTR 



6ND- 



F17 



26S10 
DC BUS 
XCVR 



3 

1 6 
11: 2 10 
13: 3 14 

-BO 2 

-Bl 7 

B2 9 

-B315 



-NC 

-EXTGRANT.IN 

-NC 

■NC 

-XBUS.EXTRQ 

-XBUS. EXTGRANT.IN 

XBUS. EXTGRANT.OUT 

-XBUS. INTR 



: -XBUS. EXTGRANT.IN terminated 
; on DCIMOT or MKPANL 



SONS^lNCsl 'DESKEW & PARITY DELAYS 



50NS 
lOONS 
150NS 
2G0NS 
250NS 



^"^•^flklS^AVAILi^LE 
CHAN.AtjIJ^^ 



-NC 
-NC 



Y CHECKED 
DROP XBUS.RQ 



C20 



CHAN.XREQ- 
GND- 
XACK OUT- 
CHAN. MASTER- 



26S10 
OC BUS 
XCVR 



3 

1 6 
11: 2 10 
13: 3 14 

-BO 2 
-Bl 7 
-B2 9 
-B316 



-XREQ 
-XINIT 
-XACK 
-NC 

——XBUS.RQ 
-XBUS.INIT 
-XBUS. ACK 
-XBUS. BUSY 



DISK CONTROL 



DMA CHANNEL CONTROL 



6-FEB-1980 00:48 



AI:CADRDC;DCCHAN 



DISK. cut i3i. ^3^ 

„I2J2^ C17 /^"^-BITCLKt 



-BUSY 



•-^. 



END OF BYTE I 



UIR.CSl L 



UIR.CSl 




BUSY A 



END OF BYTE 



UIR.CSl A 



UIR.CSl L 



H12 



HI2~^ ^ 0^ 
74LS74 



UIR.CSl- 



"'9 

74S74 



74S74 
C13 
BIT.CLKt-^>C -o|5i-|IC 



JL2s 



74S74 
C13 
Bir.CLKt-ii^>C -,Q 



-UIR.CSl A L 
^2 



13hT 



-BIT.CLX SYNC ENB 
5^NC 



BUSY -41. 
-BIT.CLKt-5= 



H12 



-UIR.CSl A L 



HI2 



BUSY A 
-BIT.CLKt- 



IM 



-5= C17 



-UIR.CSl- 



^ Q 
74LS74 

C14 
2USEC.CLKt-2a>C -^ 



5s.- 



JL2i 



UIR.CSl L 



^^NC 2USEC.CLKt-i^^ -Qp-NC 



74LS74 
C14 



2l_ 



2LGEC,CLK SYNC ENB 



-2USEC.CLKt- 

HI2-2E 



CLK.SRt 



BIT.ClKt 



ZUSEC.CLKt 



C15 
-5^^ 74LS08I 



;CLOCK SYNCHRONIZERS 



END OF BYTE I 
-UIR.CSO L 



UIR.CSl L 
jz- BUSY L 



10: 



BLOCK. CLKt-^ >C ^0 ^E-^^C 2USEC,CLKt-U^ >C ^q 



L 



^ QJ 

74LS7^ 
D15 



"T 



—START BLOCK 
^H" START BLOCK L 



-^tQ 74LS3: ^ 

J^r-2USEC.CLKt 



^SYNCHRONIZE START. BLOCK 



SEL UNIT ON CYL— ^^ D ^ Q 
74LS74I 

F16 
ZUSEC.CLKt— 1^>C^^0 



HI2 



135 

MI2 



BIT.CLK SYNC ENB-^^ Sll r^BIT TO UCLK ENB 



START BLOCK L- 
-UIR.CSO L 




;NOTE- UCLKt can clock an extra 



: Avoid glitch when CSO turns ofV"^ *'*'^" stopping due to error 



BIT TO UCLK EN&l^ 



2USEC TO UCLK ENB^ 



BIT TO UCLK ENB-^ 
2USEC TO UCLK ENB -BIT.CLKt- 

2USEC TO UCLK ENB-2^ 
-2USEC.CLKt-2i. 



CIS 



D17 



-LOOP 



m. 



ON CYL SYNC 



—ON CYL SYNC 



BIT TO UIR.CLK ENB 



BIT TO UIR.CLK EN 
2USEC TO UIR.CLK ENB -BIT.CLKt^ 



3^-UCLKt 



ZUSEC TO UIR.CLK ENB-^ 
-2USEC.CLKt-12^ 



OSl-uiR.CLKt 



;OUTPUT CLOCKS 



DISK CONTROL 



CLOCKS 



8-0CT-1978 16:48 



Al: CADRDC; DCCLK 



xni3 

XB12 

xnn 

XBIO 

GND 12. 

GND 

CLP CI K L 

HIl 

-musY L 

Hll 

NHW CCW L 

Hit 



74LS569 
3-S CTR 



CLK CRY 
-TC 



m— Nc 

Ha 



XBA03 
X8A02 

^ XBAOl 

^ XBAOO 



-CET 
-CEP 
ClKt 
UP/-DN 
-LOAD 
-S CLR 



oar ENB 
-A CLR 



XBI7- 
XBI6- 
XBI5- 
JtBI4- 



JH 



JLl 



JLZ 



74LS569 
3-S CTR 



CLK CRY 

-rc 



13^ 



-CET 
-CEP 
CLKt 
UP/-DN 
-LOAD 
-S CLR 



our ENB 
-A CLR 



XBA07 
XBA06 
XBA05 
XBA04 



XBIll- 
XBIIO- 
XB19- 
XBI8- 



74LS509 
3-S CTR 



CLK CRY 

-rc 



ISL 



XBAOll 
XBAOIO 

^ XBA09 

^^— X8A08 



-CET 
-CEP 
CLKt 

UP/-DN 
-LOAD 

-S CLR 



OUT ENB 
-A CLR 



-NC 



XBIIB 

XBI14— ^ 
XBI13 — 
XBn2 — 
H 



74LS569 
3-S CTR 



CLK CRY 
-TC 



NC 
ilSL~NC 



XBAG15 
XBA014 

^ ^XBA013 

XBA012 



-CET 
-CEP 
CLKt 

UP/-DN 
-LOAD 

-S CLR 



Oin^ ENB 
-A CLR 



NC- 
NC- 
XBI21- 
XBI20- 
XBI19- 
XBI18- 
XBI17- 
XBI16- 

LOAD CLP L- 
MEW CCW L- 



74LS374 
OCT REG 



17 6 

18 7 



11 CLKt 
I -OENB 



-NC 

-NC 

-XBA021 

-XBA020 

~XBA019 

-XBA018 

-XBAOl 7 

-XBAOie 



D22 



D25 



D26 



CCW CLK- 

LOAO CLP L — ^ LSO^>^ 1^ 

CZ3 B16 




CLP CU L 



XBA07 - 
XBA06- 
XBA05- 
XBA04 - 
XBA03- 
XBA02- 
XBAOl - 
XBAOO- 



CHAN.XREO U CLKt 



READ MA L- 



74LS374 
OCr REG 




1 
2 
3 
4 
5 

17 6 
118 7 



-OENB 



-XB07 
-XB06 
-XB05 
-XB04 
-XB03 
-XB02 
-XBOl 
-X800 



XBA015- 
XBA014- 
XBA013- 
XBAOIZ- 
XBAOll- 
XBAOIO- 
XBA09- 
XBA08- 



74LS374 
OCT REG 




1 
2 
3 
4 
5 

17 6 

18 7 



LI CLKt 
I -OENB 



-XB015 

-XB014 

-XB013 

-XB012 

-XBOll 

-XBOIO 

-XB09 

-XB08 



TYPEl- 
TYPEO- 
XBA021- 
XBA020 - 
XBA019- 
XBAOiS- 
XBA017 - 
XBA016- 



74LS374 
OCT REG 



U CLKt 
I -OENB 



-XB023 
-XB022 
-XB021 
-XB020 
-XB019 
-XB018 
-XB017 
-XB016 



CZ5 



DISK CONTROL 



COMMAND LIST POINTER 



10-JUN-1979 21:52 



AI:CADRDC;DCCLP 



XBI3" 



XBI2- 



XBIl 



XBIO 



XINIT 1 
LOAD CMO 



.-liL 



QUAD FF 
74LS175 



Q 
-0 



Q 

-0 



-CLR 
CLK* 



Ll. 



CMDZ 



CMD 


OPERATION 


00 


READ 


10 


READ COMPARE 


11 


WRITE 


02 


READ ALL 


13 


WRITE ALL 


04 


SEEK 


05 


AT EASE 


1005 


RECALIBRATE 


405 


FAULT CLEAR 


06 


OFFSET CLEAR 


16 


STOP, RESET 



H, 



r 



-CMD. TO. MEMORY 
CMD. FROM. MEMORY 
CMD. TO. MEMORY 
CHD.FRCM.MFHORY 



CMDl 
CMDl 



I5i~, 



CMDO 
CMDO 



XBIll- 
XBIIO- 
XBT9- 
XBI8 - 
XBI7- 
XBI6 - 
XRI5-- 
X8I4 - 

LOAD CMD L- 
XINIT L- 



74LS273 
OCT REG 



-7 

-3 
13 
14 
17 
18 



11 CLKt 
I -CLR 



-DONE INTR ENB 
-ATTN INTR ENB 
-RECALIBRATE 
-FAULT CLEAR 
-DATA STROBE LATE 
-DATA STROBE EARLY 
-SERVO OFFSET 
-SERVO OFFSET PLUS 



CIO 



START L— 12ec 
-CMD2 L— 2^ 



74LS3ZnP^ ^MSTART L 



CMD2' 

CMDl^^ 

OD.FROM.MEMORY-Ss. 




LSIO 



C19 



C»i). RESET L 



CMD. RESET L- 



LOAD CMD L- 




RESET 



RESET ERR L 



DISK CONTROL 



COMMAND 



30-SEP-1978 01:18 



Al: CADRDC; DCCMD 



XB119- 

XBI17-- 

INC CYLt -^ 

HI3 ^ 

GND 31l 

LOAD DA L ^ 



-CRY 
-BRW 



IIl 



CNT UP 
CNT DN 
CLEAR 
-LOAD 



l^NC 
~CYL3 
-CYL2 
-CYLl 
-CYLO 



NEXT BLOCK L 
NFXT HEAD L 



NFXT CYL L 



INC BLOCKt 
INC HEADt 



A19 




XBIll-- 
XBUO-^ 
XBI9-- 
XBI8 -^ 

INC HEADt Si 

HI3 ^ 

CLR HEAD— 14i 
LOAD DA L- ^ 



74LS193 



-CRY 
-BRW 



12: 



CNT UP 
CNF DN 
CLEAR 
-LOAD 



|i3l.NC 
-HEAD3 

^^ — HEAD2 
HEADl 
HE^y}0 



A20 



GND- 
UNIT2- 
UNITl- 
UNITO- 



CYLll- 
CYLIO- 
CYL9- 
CYL8 - 



74LS244 
rS BUS DVR 



I -AENB 



19 -BENB 



-XB031 
-XB030 
-XB029 
-XB028 



-XB027 
-XB026 
-XB025 
-XB024 



XB123 
XBI22 
XBI21 
XBI20-^ 

5. 



HI3- 



JAi 



Ol; 



74LS193 
-CRY 
-BRW 



Hl. 



CNT UP 
CNT DN 
CLEAR 
-LOAD 



^^NC 
CYL7 

^^^— CYL6 
CYL5 
CYL4 



A 18 



XBI15 
XBI14 
XBn3 
XBn2--i5i 



Jij 



-Hi 



74LS193 



-CRY 
-BRW 



CNr UP 
CNl DN 
tXEAR 
-LOAD 



l^NG 

i^NC 
-HEAD7 

Si — HEi»6 
-HEADS 
~HEAD4 



A21 



74LS244 
TS BUS DVR 



CYL7- 
CYL6- 
CYL5- 
CYL4- 



CYL3- 
CYL2- 
CYLl- 
CYLO- 



19 -BENB 



-XB023 
-XB022 
--XB02L 
-XB020 



-XB019 
-XBOia 
-XB017 
-XB016 



XBI27 
XB126 
XBI25 
XB124-^ 

a. 



HI3- 



-ll 



JLl: 



JLli 



74LS193 
-CRY 
-BRW 



CNT UP 
CNT DN 
CLEAR 
-LOAD 



^NC 

l^NC 

ll—CYLll 
CYLIO 
CYL9 
CYL8 



A17 



XBI3 

XBI2 -1^ 
XBIl 
XBIO-^^ 

INC BLOCKt 5^ 

Hia iL 

CLR BLOCK 
LOAD DA L 



_Mi 



.-ill 



-CRY 
-BRW 



IZl 



CNT UP 
CNT DN 
CLEAR 
-LOAD 



i^NC 

BL0CK3 
BL0CK2 

^^ — BLOCKl 
BLOCKO 



B21 



74LS244 
rS BUS DVrt 



HEAD7- 
HEAD6- 
HEAD5- 
HEAD4- 



HFAD3- 
HEAD2- 
, HEADl - 
HEADO- 



-XB015 
-XB014 
-XB013 
-XB012 



-XBOll 
-XBOIO 
-XB09 
-XB08 



XBI7- 
XBI6~^ 
XBI5 - 
XBI4-15I 



Jli; 



JLXl 



74LS193 



-CRY 
-BRW 



CNT UP 
CNT DN 
CLEAR 
-LOAD 



L3l-n,C 

-BL0CK7 
-BLOCKO 
^ — BLOCKS 
^^— BL0CK4 



B22 



74LS244 
TS BUS DVR 



BL0CK7- 
BL0CK6- 
BL0CK5- 
BL0CK4- 



BL0CK3- 
BL0CK2- 
BLOCKl- 
BLOCKO- 



1 -AENB 



19 -BENB 



-XB07 
-XB06 
-XB05 
-XB04 



-XB03 
-XB02 
-XBOl 
-XBOO 



B20 



DISK CONTROL 



DISK ADDRESS 



30-SEP-1 978 01:36 



Al: CADRDC; DCDA 



NC 

NC 

NC 

NC 

DATA STROBE LATE 

CYL9 

DATA STROBE EARLY- 

CYL8 

CYLTNOER TAG 

-HEAD TAG L 



74LS157 

QUAD 2- IN 

SELECT 



I2l_, 



SEL 
-Elffi 



NC 



-0BU59 



-DBUS8 



CYL7- 
CYL6~ 
CYL5~ 
CYL4- 

CYLINDER TAG L- 

CYL3- 
CYL2- 
CYLl - 
CYLO- 

CYLINDER TAG L- 



74I5Z44 
rS BUS DVP 



I -AENB 



-DBUS7 
-DBUS6 
-■DBUS5 
-DBUS4 



SERVO OFFSET- 
SERVO OFFSET PLUS- 



-DBUS3 
-DBUS? 
-DBUSl 
-DBUSO 



HFJVD5- 
HEAD4~ 

HEAD TAG L- 

HEAD3 - 
HEAD2- 
HEADl - 
HFJUW- 



74LS244 
IS BUS DVR 



19 -BENB 



~DBUS7 VfRITE GATE-- 

-DBUS6 READ GATE- 

-DBUS5 GND- 

-DBUS4 GND"- 

CONTROL TAG L- 

-■DBUS3 FAULT CLEAR— 

-DBUS2 PRE GATE — 

-DBUSl RECALIBRATE— 

-DBUSO GND- 



CONTROL TAG L 19 -BENB 



74LS244 
TS BUS DVR 



-AENB 



-DBUS7 
~DBUS6 
-DBUS5 



--DBUS3 
-IBUS2 
-DBUSl 
-DBUSO 



CG6 



C07 



-CYLINDER TAG L- 
-HEAD TAG L 



CONTROL TAG L- 



aUNDER TAG 




CYLINDER TAG L 




LSOpCBs- — HEAD TAG L 
C05 



DISK CONTROL 



DISK BUS 



6-JUN-1979 08:00 



A!:CADRDC;DCDBUS 



ECC30 -M^ \,_ 

o_ I 74LS86 >*^--! 

E?.7 



ECIZ9 



tec. IN - 
ECC31- 
ECI?9- 
ECC?9- 
ECC?8 - 
ECC?7- 
ECCZ6-" 
ECC25 - 

ClK.SRt- 
CIR ECC L- 



74LS273 
OCT REG 



11 CLKt 
CER 



-ECC31 
-ECC30 
-ECC29 
-ECCZ8 
-ECC27 
-ECC26 
-ECC25 
-ECC24 



ECC21 



CCC.IN-^ 



^j) 74LS86J^^ECI20 



EZ7 



ECC24- 
ECC23- 
ECC22 - 
ECIZO- 
ECC20 - 
ECC19- 
ECC18- 
ECC17-- 




Ecno 



17 6 

18 7 



11 CLKt 
CLR 



-ECC23 
-ECC22 
~ECC2i 
-ECC20 
-ECC19 
-ECC18 
~ECC17 
-ECC16 



j I 74LS86V^ECI8 
E27 



ECC16- 
ECC15- 
ECC14- 
ECC13- 
ECC12- 
ECIIO- 
ECCIO- 
ECI8- 



74LS273 
OCT REG 



111 CLKt 
CLR 



-ECC 15 
-ECC 14 
-ECC 13 
-ECC 12 
-ECCll 
-ECC 10 
-ECC9 
-ECC8 



ECCO- 



-ECC.OUT 



ECC8- 
ECC7- 
ECC6- 
ECC5 - 
ECC4- 
ECC3 - 
ECC2- 
ECCl- 



74LS273 
OCT REG 



11 CLKt 
CLR 



-ECC7 
-ECC6 
-ECC5 
-ECC4 
-ECC3 
-ECC2 
-ECCl 
-ECCO 



DZ7 



D28 



D29 




-EeC21 L-l^ 
-ECC20 L-^ 
-ECC 19 L-2^ 
-ECC 18 1 
-ECC 17 L^^ 

-ECC16 L-^ 
-ECC15 1-^^ 
-ECC14 L-ifiS^ 
-ECC 13 L-S^ 
-ECC12 L-2^ 

-ECCll L-5a^ 





ECZA- 

ECZB- 

ECZC-^ 

ECZD- 

ECZE-^ 

HI5- 

HI5- 

HI5 -i^ 
H15I&I 




ECC=ZERO L 



ECCO - 
ECCl- 
ECC2- 
ECC3- 
ECC4- 
ECC5 - 
ECC6- 
ECC7 - 

BIT. CLKt - 
READ ECC L- 



74LS374 
OCT REG 



U CLKt 
-OENB 



-XB016 
-XB017 
-XB018 
-XB019 
-XBOZO 
-XB021 
-XB022 
-XB023 



ECC8- 
ECC9- 
ECCIO- 
GND- 
GND- 
GND- 
GND- 
GND- 



74LS374 
OCT REG 



17 6 
8 7 



11 CLKt 
1 -OENB 



-XB024 
-XB025 
-XB026 
-X8027 
-XB028 
-XB0Z9 
-XB030 
-XB031 



C29 



DISK CONTROL 



ERROR CHECKING AND C0RRECTIbI3-0CT- 1978 16:53 



^ 



AI:CADRDC;DCECC 



GROUNDS 

<&!!> — j <M> — I 

<MD — ' <OEI>—' 

<mD — ' <m> — '* 

■^O-— ^' ^ STT> — '< 

<E> — '> ^SD — • 

<gFj> — , <EEI>— » 

<lil> — '* <SI> — ' 

<gID— • CCD — '> 

<S> — '^ <M> — * 

<jjp — ^, <rnr> — ^ 

<£HD — ^' <ffl> — » 

OD — > €D> — ^' 



GND 



GND 



JUMPERS FOR 1-BOARD VERSION: 

DE2 - DF2 - DH2 

DNl - DM2 

ETl - EP2 ~ ER2 - ES2 



OMITTED DIPS IN 2-BOARD VERSION: 

A7 A8 A9 
AlO B7 B8 



BE CERTAIN TO EDIT THE 
RAY FILE FOR UNDEDICATED 
GROUND PINS ON Jl. J3 



TO DISK MUX BOARD 

<Gi2> XINIT 

^^2> ~ SEL UNIT AnENTION 

<IEI>— ANY ATTENTION 

<M>— UNIT ATTENTION 

<S1> -LOAD DA L 

<OEe> — — -Nc 

<II> — wo SELECT 

<SZ> — — -MULTIPLE SELECT 

<M> VmiTE DATA 

<E> WRITE GATE 

<0!!2> — DISK. CLKt 

<m> — ^ READ DATA 

<nZ> — ^^BLOCK.CLKt 

^Wz>— 

<M> 

<IM> 



•€h2>- 

<fK2>- 






-BLOCK.CTRO 

- BLOCK. CTRl 
-BLOCK. CTR2 
-BLOCK. CTR3 
-BLOCK. CTR4 
-BLOCK. CTR5 

- BLOCK. CTR6 
-BLOCK. CTR7 
-XBI28 
-X8129 
-XBI30 
-UNITO 
-UNITl 
-UNIT2 

-CYLINDER TAG L 
-HEAD TAG L 



DISK CONTROL 



EDGE CONNECTIONS 



10-JUN-1979 20:33 



AI:CADRDC;DCEDGE 



25LS2521 
S-BIT CMPF 



BLOCK? 

BL0CK6 ^ 

BLOCKS 

BL0CK4 

BLOCKS 

8L0CK2 

BLOCKl 

BLOCKO 
BLOCK. CTR7 
BLOCK. CTR6 
BLOCK. CTR5 
BLOCK. CTR4- 

BLOCK. CrR3 ^ 

BLOCK. CTR2 

BLOCK. CTRl 

BLOCK. CTRO 

GND 



-EQUAL 



ENB 

"err 



BLOCK CTR EQUAL L 



B5LS55:ife 
S-DECODE 
«>/ CTt PEG 



INCREMENT ADDRESS L-^ 

GND—^ 

GNO—^ 

RSH7~-5^ 

RSH6- 

GND- 

CLK.SRt- 

NEXT ADDR STROBE L- 

XINIT L- 



ENB 
ENB 



-0 ENB 7 



SEL 2 
SEL 1 
SEL 
INVERT 



CLKt 

CLK ENB 

-CLR 



-NEXT BLOCK L 
^-^NEXT HEAD L 
^^NtXT CYL L 
^^END OF DISK L 
i^NC 
^S-NC 
Ifi-NC 



25LS2521 
3-BlT CMPF 



HDCM7 
lfDCM6 

HDCM5 ^ 

HDCM4 ^ 

HDCM3 



HI)CM2 

HDOfl 

Hf)CMO 

RSH7 

RSH6 

RSH5 

RSH4 

RSH3 

RSH2 

RSH! 

RSHO 

6ND 



-EQUAL 



B7 
B6 
B5 
B4 
B3 
B2 
Bl 
BO 



ENB 



JM 



LS08 
C15 



HEADER MISCGMPARE 



UIR. HEADER STROBE—^ 
END OF BYTE— ^2= 



UIR. HEADER STROBIF-^ 



-CHECK HEADER 




LSM, 
COS 



NEXT ADDR STROBE L 



A23 




HDCM7 



DISK CONTROL 



HEADER COMPARE 



10-JUN-1979 20:34 



AI:CADRDC;DCHDCM 



XBIll 
XBIIO 
XBI9 
XBI8 
XBI7 
XBI6 
XBI5 
XBI4 
XBI3 
XBI? 
XBIl 
XBIO 





12 IN 

PARITY 

93548 






7: 






, 












, 






























} , 
















15: 






13: 












11: 






PE 10: 


[ 




PO 9: 






m 

XBPl 



XBI23 - 
XBI22 - 
XBI21- 
XBI20- 
XBIig- 
XBI18.- 
XBI17- 
XBI16- 
XBI15- 
XBI14- 
XBI13- 
X8112- 





12 IN 

PARITY 

93S48 




7: 
















I: 

I: 

15: 

14: 

13: 

12: 






PE 10: 
' PO 9: 



-NC 
-XBP2 




;A slight kludge to save 3 DIPs 
XB EVEN PAR XBOPAR 



)DD PAR lA 

XBIPAR 2^ 



74LS86 y^^ 



Dll 



-XBI PARITY EVEN L 



-XBI.IGNPAR L — ^ 



XBI BAD PAR 



Fll 





XB ODD PAR 
-NEW CCW— i2i 



MEM SIDE PAR- 
LS08 \^ — 12l 



I 74LS86 
Dll 



MEM SIDE PAR IN 



XBOPAR - 
-CHAN.MASTER- 



DRIVE XBUS t -12:-ENB 



26S10 
OC BUS 
XCVR 



: 3 

: 1 6: 

1: 2 10; 

13: 3 14: 

-BO 2; 

-Bl 7; 

-B2 9: 

-B3 15 




-XBIPAR 

-XBI.IGNPAR 

-XBUS. SYNC. WRWG 

-XWR ^^^ ' ^^^^ ' WRNG— 1^ 

—XBUS. PAR 

— XBUS.IGNPAR 

— XBUS.SYNC 

— XBUS.WR 



isop 

C23 



S04 
D19 



-XINIT L 




XBUS.SYNC 



F15 



F20 



DISK CONTROL 



PARITY 



6-FEB-1980 00:54 



Ar:CADRDC;DCPAR 



WHEN READING. HAS ONE LESS THAN IHE NUMBER OF 

VALID BUS ALREADY CLOCKED IN. 
WHEN WRLTING. HAS THE NUMBtR OF 

BITS ALRLADY CLOCKED OUT, 



POSCO- 
POSCl- 
P0SC2-S^ 




END OF BYTE L 



:NOTE SYNCHRONOUS CLEAR 



GND-^ 
GND-SZ 
GND- 
GND-^ 



HI5^ 

HI5-^ 

HI5 -^ 

CLR POSC L- 

CLK.SRt-2i 



4BIT CTR 
74S163 



TC 



13 D3 

12 D2 

n m 

10 DO 



ENB T 
ENB P 



-PE 
-CLR 
CLKt 



ISjl. 



^^P0SC3 
'^P0SC2 
^^POSCl 
'^POSCO 



"-P0SC.TC3 



GND-^ 
GND-^ 
GND- 
GND-^ 






4BIT CTR 
74S163 



13 D3 

12 D2 

n Dl 

10 DO 



ENB T 
ENB P 



-PE 
-CLR 
CLKt 



POSCO-^ 




B27 



B28 



S04 
D19 



-PGSC2 L-^ 

-P0SC4 L 
-POSCll L-^^ 
-P0SC12 L 




POSCO 
-POSCO 
POSCl-^ 
P0SC3 
P0SC5 
P0SC6-^ 
P0SC7-^ 

posca-^ 

P0SC9-1^ 
POSClG-1^ 
POSC 13-^ 
P0SC15-i^ 

Ml 




B26 



POSC=FCC FIELD SlZE-1 L 



;ECC FIELD SIZE IS 42987. 
; BITS = 123753 • 



-CW}1^5i. 

-.DISABLE WHEN READ- ALL/WRITE-ALL 



HI5 


OiJ 


HI5 


Z; 


HIS 


JL 


HIo 


JL 


P0SC12 


Jil 


POSCll 


-fiJL 


POSCIO 


-IL 


P0SC9 


ISL 


P0SC8 


111 


P0SC7 


IZ: 


P0SC6 


Ui 


P0SC5 


Ml 


P05C4 


15i 



15^ 



-P0SC7 

^^posce 

^^P0SC5 
^^P0SC4 



-posc.rc7 



GND-^ 
GND-^ 
GND 
GND 



JLlIi 



4BIT CTR 
74S163 



13 D3 

12 02 

11 Dl 

10 DO 



ENB T 
ENB P 



-PE 
-CLR 
CLKt 



^^POSCll 
^^ POSCIO 
^3i-posC9 
^^P0SC8 



-POSC.TCll 



B29 




P0SC7- 
P0SC6- 
P0SC5 - 
P0SC4 - 



P0SC=BL0CKSIZE -1 BYTE L 

READ ECC L- 



P0SC3 - 
P0SC2- 
POSCl- 
POSCO- 



RF_AD ECC L 19 -BENB 



741^244 
rS BUS DVP! 



1 -AENB 



-XB07 
-XB06 
-XB05 
-XB04 



— XB03 
■ — XB02 
— XBOl 
— XBOO 



GND-^ 
GND-^ 
GND- 
GND-^ 



JSL 



JH 



JLl 



4BIT CTR 
74S163 



TC 



UlL, 



13 D3 

12 02 

n Dl 

10 DO 



*^P0SC15 
^2i-P0SC14 



ENB T 
ENB P 



-PE 
-CLR 
CLKt 



NC 






P0SC13 
P0SC12 



B30 



74LS244 
rS BUS DVR 



P0SC15- 
P0SC14- 
P0SC13- 
P0SC12- 



POSCll- 

POSCIO- 

P0SC9- 

P0SC8- 



-AENB 



-XB015 
■-XB014 
-XBOIS 
-XB012 



-XBOll 
-XBOIO 
-X809 
-XB08 



DISK CONTROL 



BIT POSITION COUNTER 



30-SEP-1 978 01:53 



AI:CADRDC;DCPOSC 



HI6 



74LS74 



CMD.TO.MEHORY-2^ 

5= m 



K,H) 



T 



LS08 
C15 



RFIRA- 
RFIRB- 



LSOO 
E04 



RESET ERR L 
RFIR L 



RSH3 
RSHZ 

READ OVERRUN RSHl 
RSHO - 



RBUF.ICLK 

RBUF.OCLK 

-MBUSY L 



W»<t 67401 
64x4 FIFO 



OUT 



IN ROY 
OUT RDY 
SH IN 
SH OUT 
-CLR 



L3j — pBUjr3 
^ — RBUFZ 
RBUFl 
RBUFO 
RFIRA 
RFORA 



RBUF7- 
RBUF6- 
RBUF5 - 
RBUF4- 
RBUF3- 
RBUF2 - 
RBUFl - 
RBUFO - 

CLK MWDl- 
CHAN. MASTER L- 



74LS374 
OCT REG 



u cut 

OENB 



-XB07 
■-XB06 
-XB05 
~XB04 
-XB03 
-XBOZ 
-XBOl 
-XBOO 



RBUF7- 
RBUF6- 
RBUF5- 
RBUF4 - 
RBUF3- 
RBUF2 - 
RBUFl- 
RBUFO- 

CLK mi02- 



74LS374 
OCT REG 



n cut 

I -OENB 



-XB015 

-XB014 

-XBG13 

-XB012 

-XBOn 

-XBOIO 

-XB09 

-XB08 



ElO 



RBUF7- 
RBUF6- 
RBUF5- 
RBUF4 - 
RBUF3- 
RBUF2- 
RBUFl- 
RBUFO- 

CU WilD3- 



74LS374 
OCT REG 




1 
17 2 
3 3 

13 4 

14 5 

17 6 

18 7 



11 cut 

I -OENB 



-XB023 
-XB022 
-XBOZl 
-XB020 
-XB019 
-XB018 
-XB017 
-XB016 



FIO 



F08 



CU MWDl- 



CU MWD3 



DATA ACK L 
-MBUSY L 



74LS08 ; 
EG5 



QUAD FF 
74LS175 



-0 



-CLR 
GLKt 



lU-, 



-CLK MrfDl 
-NC 

-CLK mo? 

-NC 

CLK MWD3 
NC 

hM) FULL 
CLK MWD4 
MWD FULL 

-FilPlY MWD L 



-MWD FULL- 

-DATA ACK- 

RFORA- 

RFGRB- 



RSH7A- 
RSH6- 
RSH5- 
RSH4- 



Jli 



mi 67401 
64x4 FIFO 



OUT 



IN RDY 
OUT RDY 
SHIN 
SH OUT 
-CLR 



Hi — RBy|:7 
^ — RBUF6 
RBUF5 
RBUF4 
RFIRB 
RFORB 



E09 



RBUF7 - 
RBUF6- 
RBUF5 - 
RBUF4- 
RBUF3- 
RBUF2 - 
RBUFl- 
RBUFO- 

CLK MWD4- 



74LS374 
OCT REG 



II CLKt 
OENB 



-XB031 
-XB030 
-X8029 
-XB028 
-XB027 
-XB026 
-XB025 
-XB024 



, ^«i \bs 1= 


DELAY 
20NS INCS 
TDIOO 




INPUT 




E06 


-I 


20NS 
40NS 
60NS 
80NS 
lOONS 


^ 1 




>^ 1 



MWDM^IFO 



MWD CLK 

NC 

NC 

RBUF.OCLK 



DISK CONTROL 



READ BUFFER 



30-SEP-1978 04:07 



AI:CADRDC; DCRBUF 




ia_, 



REG RQ L 



<J05-1> - 

<ino>- 

<MEE>~ 
<MEI>' 
<1E1>- 



<mi23>- 



-Ani4 
-HIl 

-AD13 
-HIl 



<3fiEl9>- 



< Jb5-31> - 



< J05-10> - 



<SEi3>- 



-HIl 
-AD5 

-mi 

-AD4 
-HIl 
-AD3 
-HIl 
-AD2 



O05-33> - 



<1E25>- 



<2qES>" 



<3sEM^ 



REG RQ L- 



DELAY 
SONS INCS 
TI)250 




INPUT 




50NS 


'^^m 


lOONS 


*= NC 


150N5 


j^^NC 


200NS 


^^-— REG RQ 200 L 


250NS 


^^— REG RQ 250 L 



E13 



REG RQ L 
REG RQ 250 L— ^^ 



741S02. 
Ell 



XACK OUT 



CHAN. MASTER 
CHAN.WR 



CHAN WR CYC 



REG RQ L — ^ 
-XWR L — ^ 



LS08 , 
D16 

74LS02, 



JB^ 



502 
Ei6 



-REG RQ 200- 
REG RD CYC 

DRIVE XBUS L 





8 WAY 

DECODE 

74S138 






-0 


15; 




-1 


H: 




-2 


13; 




-3 


I?.: 




-4 


11; 




-5 


iai_ 




-6 


h 




-7 


J; i 


XWR ^ 


S3 




XBAU ^ 


S2 




XBATO ^ 


SI 




REG RQ L ^ 


-ENB 




, UX ^ GND--^ 


-ENB 






ENB 




. 22J74LS32/- 





READ STS L 
READ MA L 
READ DA E 
READ ECC L 
LOAD CMD L 
LOAD CLP L 
LOAD DA L 
START L 



Ell 



REG RD CYC 



-GMi) 



17377774 

1 111 Oil XXl 111 llx XXX X-- 

ADDRESS 



-GND 



-GNO 



DISK CONTROL 



REGISTER ADDRESSING 



8-0CT-1978 16:56 



AI:CADRDC;DCREG 



HI6 

IOh 



RBUF^^SH 


IZz 


74S74 


^ 


-RBUF 


ICLK 


BIT. cut 


tu 


BIO 


li^ 


-NC 





T 

HI6 



DATA FIELD 
EW) OF BYTE 

Mrs 

GET RATA 
EWD OF BriE- 

SH4-WBUF- 
-BIT.CLKt- 



1^11 

D09 

LS08 
E05 

LS08 
D14 



READ DATA 



74S?99 

8-BIT UKV 

SHIFT B£& 

SER OUT 

SER IN 




RBUF4-SH 



SHHIBUF 



WBUF.OCLK 



READ COMPARE DIFF 
DATA FIELD 



NC 
GNO 
GND 

Hie— ial 

GND 
BIT.CLKt— 12. 

CLR SH L 



PARALLEL 
IN & OUT 
TR 1ST ATE 



SER OUT 
SER IN 



-0 ENB 
-0 ENB 



SI hd,up, 
SO dn.ld 



CLKt 
-CLR 



RSH7A 

--RSH7 
-RSH6 
~RSH5 
-RSH4 
~RSH3 
-RSH2 
-RSHl 
-RSHO 
-NC 



DIO 



5H.0UT 
RSH7A — 9^ 




READ MISCOMPARE 



GNO 
WBUF7 
WBUF6 
WBUF5 
WBUF4 
WBUF3 
l«UF2 
WBUFl 
WBUFO 

NC 
Ht6 
HI6 
HI6 
SH♦^rfBUF 
BIT. CLKt 
HI6 



_-ifi 



15, 



DISK SIDE PAR 



DLSK DATA- 
DATA FIELD- 



LM 



74S299 
8-BIT UNV 
SHIFT P£ G 



SER OUT 



PARAILEL 
IN & OUT 
TRISTATE 



SER OUT 
SER IN 



-0 ENB 
-0 ENB 



SI hd.up, 
SO dn.ld 



CLKt 
-CLR 



POl 



— N^ ^- ir] I 74LS86 )6^ J 

—— ^ Alfi 



-SH.OUT 



-DISK SIDE PAR IN 






-PHEA«BtE DETECT L 



DISK CONTROL 



SHIFT REGISTER 



10-JUN-1979 20:37 



AI:CADRDC;DCSH 



-ACTIVE V 18 

ANY AfTfNrrON f* 16 

SEL UNIT AMENTION [s 14 

INTR ^ 12 



READ STS L- 



MUITIPIE SELECT jll 9 

NO SELECT (13 7 

SEL UNIT FAULT [15 5 

SEL UMIT READ ONLY fl? 3 



74LS244 
IS BUS DVR 



-XBOO 
-XBOl 
-XP02 
-XB03 



-ON CYL SYNC ^. 18 

-SEL UNIT ON LINE }* 16 

SEL UNIT SEEK ERROR h 14 

TIMEOUT ERROR 5 12 



-XB04 
-XB05 
~XB06 
-XB07 



START BLOCK ERR< 
STOPPED BY ERRI 
OVERRUN 
ECC.SOFT 



/4LS244 
TS BUS DVP 



74LS244 
TS BUS DVR 



-XB08 
-XB09 
-XBOIO 
-XBOll 



ECC.HARD j2 18 

HEADER ECC ERROR—* 16 

HEADER COMPARE ERROR— JS 14 

MEM PARITY ERROR J3 12 



-XBOl 2 
-XB013 
-XB014 
-XB015 



NXM ERROR |ll 

CCW CYC 113 7 

RUSD COMPARE DIFE |l5 5 

INTERNAL PARITY ERROR |l7 3 



74LS244 
TS BUS DVR 



-XB016 
--X8017 
-XB018 
-XB019 



BLOCK. CTRO- 
BLOCK.CTRl — -H 

BLOCK. CTRZ 5 

BLaK.CTR3 5 



-XB020 
-XB021 
-XB022 
-XB023 



BLOCK. CTR4- 
BL0CK.CTR5- 
BLOCK. CTR6~ 
BL0CK.CTR7~ 



-XB024 
-XB0Z5 
-XB026 
-XB027 



-XB028 
-XB029 
-XB030 
-XB031 



WRITE OVERI 
READ OVERRI 



74LS32; 
611 



NXM ACK 
NEW CCW 
XBI BAD PAR 
MEM SIDE PAR I 

NC- 
NC- 
NC- 
NC- 

CHAN. ACK. TI- 
RE SET ERR L- 



MEM SIDE PAR 
DISK SIDE PAR 



74LS273 
OCT REG 



111 CLKt 
CLR 



-NXM ERROR 

-CCW CYC 

-MEM PARITY ERROR 

-MEM SIDE PAR 

-NC 

-NC 

-WC 

-NC 



WRITE OVERRUN IN p 

DISK SIDE PAR IN- 

HEADER MISCOMPARE 1? 

READ MISCOMPARE Js 

BAD START BLOCK 113 

SET ECC.SOFT 14 

-WFOR |l7 

-RFIR (18 



BIT. CLKt U CLKt 

RESET ERR L 1 -CIR 



74LS273 
OCT REG 



-WRITE OVERRUN 
-DISK SIDE PAR 
-HEADER COMPARE ERROR 
-READ COMPARE DIFF 
-START BLOCK ERROR 
-ECC.SOFT 
—WFOR SYNC 
—RFIR SYNC 



BUSY- 
-CMDO- 

BUSY- 
CMDO-^ 



LSOO 
A?J 



LSOO 
A2'8 



READ ACTIVE L 



WRITE ACTIVE L 



74S240 
INVERT 
rS BUS DVf^ 



C12 




INTERNAL PARITY ERROR 



START BLOCK- 
ERR IF START BLOCK-SS^ 



LS08 
D16 



BAD START BLOCK 



READ ACTIVE L- 
WRITE ACTIVE L 
-ON CYL SYNC L- 
TRANSFER LOSSAGE 

GND- 

FORMAT LOSSAGE l- 

ECC LOSSAGE L- 

DISK LOSSAGE L- 

NC- 



LED. TRANSFER LOSSAGC[iEl> 



GND — -19 -BENB 



NC 
NC 
NC 
SET ECC.HARD 
RESET ERR L- 
SET HEADER ECC L- 
END OF DISK L- 
RESET ERR L- 
TIMEOUT L- 
LED.REAO ACTIVK3IEI> '^''SET ERR L- 
LED.WRITE ACTIVK3iE2> 
LED.SEEK<3iE2> 



3:-S 
?:-S 
R 



QUAD S/R 
LAICH 
74LS279 



4 



S 
:-R 



7: 



12 rS 
UrS 
lOrR 



Q9: 



15rS 
14 rR 



013: 



-NC 



-ECC.HARD 



-HEADER ECC ERROR 



-TIMEOW ERROR 



B12 



TIMEOUT 
HI2 



"^J74J6)U^T 



A16 



-LED. FORMAT L0SSAGK3iO> 
-LED. ECC L0SSAGK3iE1> 
-LED. DISK L0SSAG83nzZ> 
-LED.UNUSED!3IEB> 



A30 



DISK CONTROL 



STATUS 



5-FEB-1980 01:50 



Ah CADRDC; DCSTS 



LIE CAPS FLAT 



VC0.C1-|-^ 



VC0.C3 
NXM.C 
VCC 
VCC 
VCC 
GND 



^ f^ f7T~-VC0.C4 

m 



680_ 



VCC ^5^ 



TIMEOUT ENB L- 



XBUS.EXTGRANT.IN 



74LS124 
DUAL VCO 



VCC 



RANGE 



FREQ 



-ENB CI 



C2 



GND 



'-TIMEOUT. CLK 
; Period = 12 ms 



-VCO.Cl 



-VC0.C2 



2V 



GND 





74LS124 
DUAL VCO 


ISi 


VCC 




OUT 


11: 


RANGE 


-JU 


FREQ 


111 


-ENB CI 




C2 


JL 


GND 



^^-2USEC.CLKt 
PERIOD = 1.8 - 2.0 usee. 

^^VC0.C3 
^2i-VC0.C4 



C04 



B04 



;15 uS 
NXM.C 1 I NXM.RC 



<ifiSzifi>- 



|c Rct„ 



26S02 
CHAN.MASTER-^^^jT^ ^^\ 



T 

HIS 



NC 



-NXM ACK 



-Hii <lEli>- 

-TIMEOUT ENB L 



jNormany GND, MI for debugging 



-GND 



-lii 



-ACTIVE ~J^ 



TIMEOUT. CLK- 
-ACTIVE- 



74.19^ 

DUAL 

COUNTER 



COUNT* 
CLR 



COUNT* 
CLR 



u 



-TIMEOUT 
-NC 

NC 

NC 



;1.5 SEC 



— NC 
— NC 
A N ^NC 



DISK CONTROL 



TIMEOUT 



7-0CT-1980 22:12 



AI:CADRDC;DCTMOT 






<JEEE>~ 

<EIE1>- 

a 



<3 



<EIZ7>- 



<IIEE>~ 



-vcc 
~vcc 

-WJD CLR 

- TR r DENT . . C0MP5EC IDX/ 

-GND SECTORt [ [ 

-TRIDENT.O.ATTENTIOW/ 

-GND 

-TRIDENT. 0. SELECTED/ 

-GND 

-TRIDENT. O.StOUENCE/ 

-GND 



BCL J U LL 



CLEARS BLOCK CTR 

I 



;2.0-2.5 USEC 



r 



T T 

SECTOR PW.SE INDEX PULSE 



GND-rfJTT> 



UNI T . . SEC roRt-5-^ » ^ ,,-Q 



H 



<MzIE>- 



<Eini>~ 



<EEI>- 






- TRIDENT. 0. SELECT/ 

-GND 

- TRIDENT. 0. DATA. P 

-GND 

- TRIDENT. O.DATA.M 

-GND 



;Set sector length jumpers 
jdrive to 1410 (octal) 
jwhlch is 1164. bytes. 



<J03-Z2> - 
<J0F21> - 



- TRIDENT. 0. CLOCK. P 
-GND 



TRIDENT. O.CLOCK.M 

:J3. remove dedicated grounds 21-30 
:Delcte pins 11 and 31 



BOS 



NC- 

iiC- 
GND-^ 
GND-^ 
GND-^ 
GND-^ 



--^^^>v~W^VCC 
330 pE ' 



Tl; R 



C RC 

Q 
26S02 
BOO 



-UNI T .0 . SECTORt ^= ^4LS1^02% UNI T . . SECTORt 

y^j • BLOCK. CLKt 



-UNIT CLR BC L 




UNIT SELECTED~^^4LS1 
"AO? 




XBUS. POWER 

HI7 



;;;:ijw)32^ 



TRIDENT. 0. SEQUENCE/ 



TRIDENT. 0. CLOCK. P 
fZ — TRIDENT . . CLOCK . M 
j: — TRIDENT. 0. DATA. P 
-^W^^kT- — TRIDENT. O.DATA.M 



B05@3 



-LOAD DA 7 ^ 17)1 " V .,,R. 
_Xi|in--^tlfijJ ^^^^^ /-^^^TRIDENT.O.SELECT/ 



A09 



;ADDITIONAL PARTS ARE ON *DCTRSG* 



.1 uF 



2(id) I rrr- 

A1082 



GND- 
GHD- 



-TYPEl 
-TYPEO 



;Trldent is type 





74LS569 
3-S CTR 


Ifi-NC 




74LS569 
3-S CTR 






CLK CRY 


CLK CRY 


ifi-NC 




-rc 


19 


NC— ^ 


-TC 


ia-NC 




^^BLOCK.CTRS 


NC— ^ 


D 


D 


^^BL0CK.CTR7 


NC— ^ 


C 


^^BL0CK.CTR2 


NC-a 


C 


i^BL0CK.CTR6 


NC-4 


B 


i^BLOCK.CTRl 


NC-4 


B 


^^BL0CK.CTR5 


NC-2 


A 


^^BLOCK.CTRO 


NC-^ 
12 


A 


^S-BL0CK.CTR4 


GND-^ 


-CET 


-CEI 








GND— i 


-CEP 




7 


-CEP 










UN I T.O. SECTORt— 2 


CLKt 




2 


CLKt 










HI7— ^ 


UP/ DN 




1 


UP/-DN 










HI7-^ 


-LOAD 




11 


-LOAD 










UNIT CLR BC L— ^ 


-S CLR 




9 


-S CLR 




17 




GND-^ 




-OUT ENB 




-OUT ENB 








H17— ^ 


-A CLR 




8 


-A CLR 











TRIDENT. 0. CLOCK. m12i 

TRIDENT. 0. CLOCK. P^^ 

HI7-S^ 

TRIDENT. 0. DATA. P-l^ 

TRIDENT. 0. DATA. W-^ 

Ht7-^ 

HI7-^ 



75107 B 
DIFF RCVR 



6 
-5 V 



li-. 



DISK. CLKt 
UNIf.O.CLOCKt 



-READ DATA 
-UNIT READ DATA 



AlO 



WRITE DATA- 



DISK. CLKt - 



D-'O 
74S74 



K„-o 



B07 



T 



WRITE DATA B 



-NC 



WRITE DATA B- 

HI7-^ 
WRITE GATE 
NC 
NC 
NC-^ 
UNIT SELECTED^ 
-5V 



75110 
DIFF DRIVER 



AND IN 
ENB 



^^— TRIDENT. 0. DATA. P 
i^~ TRIDENT. O.DATA.M 



AND IN 
ENB 



LNB 
-5 V 



i2^NC 



A08 



DISK CONTROL 



SINGLE TRIDENT 



10-JUN-1979 21:54 



AI:CADRDC;DCTRID 



<in'!-?o> -- 



zM>~ 



<J01-19> - 
<1E14>- 



<JCl-i8> - 



<mEM>- 



<1IZT2>- 






<J01-41> - 



■ C)01-40> - 



0'n-u> ~ 



<in-T3>- 



<EIEM>- 



<JU1-12> - 



<j'7rT[> ~ 



zM>- 



<lIE3n>- 

< JDl-35> - 
C)ul-.A4> - 



<JUT8> - 
<3tn-33> - 



<J01-31> - 

<inEs>- 

<J01-^9>- 



<jui-;'8>- 

<iniEi>- 
<fon> - 



- TRIDENT. SECTOR/ 

-TRIDENT. END. OF. CYL/ 

-TRlDfNT.ADDR.MK.DF.T/ 

-TRIDENT. OFFSET/ 

-VCC 

-TRIDENT. INDEX/ 

-VCC 

-TRIDENT. READY/ 

-GND 



-TRIDENT. READ. ONLY/ 
-GND 



- TR IDENT . DEVICE . CHECK/ 

-GND 

-TRIDENT. ON. LINE/ 

-GND 



-TRIDENT. SEEK. INC/ 

-GND 

-TRIDENT. SPARE/ 

-GND 

-TR IDENT. BUS9/ 

-GND 

-TR IDENT. BUS8/ 

-GND 

-TR IDENT. BUS7/ 

-GND 

-TRTDENT.BUS6/ 

-GND 



- TRIDENT. BUS5/ 
-GND 

-TRIDENT. BUS4/ 
-GND 

-TR IDENT. BUS3/ 
-GND 

-TRIDENT. BUS?/ 
-TRIDENT. TER. IN/ 
-TRIDENT. BUS 1/ 
-TRIDENT. CONTROL. TAG/ 
-TRIDENT. BUSO/ 
- TR IDENT. CYL. TAG/ 
TRIDENT. HEAD. TAG/ 



<JQl-?6> 

;J1. remove dedicated gnds 26-45 
:De1ete pins 21 and 46 



TRIDENT. READY/- 

GND 

TRIDENT.READ.ONLY, 

GND 

TRIDENT .DEVICE .CHECK, 

GND 

TRIDENT. ON. LINE 

GND 



100 ohn 
B-p1n 
SIP 

with 
bypass 



AOiea 



SEL UNIT ON CYL 




SEL UNIT READ ONLY 



A04 

SEL UNIT FAUIT 



A03 

SEL UNIT ON LIN E ^^- 




TRIDENT.SEEK.INC/- 

GND- 

TR IDENT. 0. ATTENTION- 

GND- 

TRIDENT.O. SELECTED/- 

GND- 

TRIDENT . .CGMPSECIOX/- 

GND - 



sppL 



-NA/Vw {; 



-^m^l 



681 






681 



MLSl- 
A04 



SEL UNIT ON LINE 



-SEL UNIT ON LINE 




^4LS1 



SEL UNIT SEEK ERROR 





<y4LSl 



UNIT ATTENTION 



^4LS1' 
A07 



AG7 

UNIT SELECTED 




-S^4LSlj 
'A07 



-UNIT.O.SECTORt 



nm 



8-p1n 
SIP 



with 
bypass 



'"UML 



miL 



nm.. 



iilhX. 



UW- 



A01@20 




100 olm 

8-pin 
SIP 

with 
bypass 












7: 





A05 
-TRIDEN1. READ. ONLY/ 
-TRIDENT. READY/ 
-TRIDENT. HFJID. TAG/ 
-TRIDENT. CYL. TAG/ 
-TRIDENT. CONTROL. TAG/ 
-TRIDENT. BUS9/ 

-TRIDENT.RUSO/ 

- TRIDENT. BUSl/ 

-TRIDENT. BI52/ 

-TRIDENI .BUS3/ 

- TRIDENT. 0. ATTENTION/ 

- TRIDENT. 0. SELECT/ 

TRIDENT. ON. LINE/ 

IRIDENT.BUS7/ 

TRIDENT. BUS8/ 

TRIDENT .DEVICE . CHECK/ 

NC 

NC ;KOTE- 



330 
ohm 



OEJL-HII 
^i4^HI3 



10-pin^lSI 



HI4 



?XZJL 



mx. 



im- 



-HI6 
-HI7 
-HI8 



lOiiia_GND 



A06@l 



HI2^ 



^Um '^^'*^^P^*^-'^ TRIDENT. BUSO/ 

BOl 
PBUS1-Ullf~ 

-TRIDENT. BUSl/ 






DBUS3 
HI2 




TR IDENT. BUS2/ 



TR IDENT. BUS3/ 



TR IDENT. BUS4/ 



TR IDENT. BUS5/ 



TR IDENT. BUS6/ 



A02e3 
DBUS7^tlZ}| \^_,,., 



A02@3 



DBUS8 



>jm}. 



L. 



TR IDENT. BUS8/ 






75452 bfiUli 



100 ohn 
l-p 

STP feaiL 



?.(2g) 



iUSX 



•TRIDENT. SEEK, INC/ 
•TR IDENT . . COMPSEC IDX/ 
TRIDENT. ©.SELECTED/ 



CYLINDER TA( 
TAG ENABLE 



B03 
75452 
B03ft3 



TR IDENT. BUS9/ 



TRIDENT. CYL. TAG/ 



bypass ^ ' ' ^^^ TRIDENT . BUS4/ 
P^^^^TRIDENT . BUS5/ 



HEAD TAG^ii^ 
TAG ENABLeSIMI 



mu- 



■TRIDENT. BUS6/ 



A06820 



CONTROL TAG-^^ 
TAG ENABLE -^i^ 



I \ 

75452 bSUiX 

60393 
I \_ 

75452 b2iax- 



TR IDENT. HE AD. TAG/ 



TRIDENT. CONTROL. TAG/ 



pinqut differs on seiA'l 



DISK CONTROL 



TRIDENT SIGNAL CABLE 



30-JUL-1979 02:11 



Al: CADRDC; DCTRSG 



GND — 
HI6-- 

-POSC-BLOCKSIZE -1 BYTE — ^ 

-ON CYL SYNC— 

-BLOCK CTR EOUAL—^^ 

-PRE/W8LE DETECT— i^ 

-POSC=ECC FIELD SIZE -1-1^ 

-END OF BYTE— ^ 



U1R.LS2 
UIR.LSl 
UIR.LSO 



8 IN 

SELECT 

74S151 



SEL2 
SELl 
SELO 



All 



GND- 
RSH7- 
SH.OUT- 
GND- 
GND- 



-END OF BYTE- 
Hie - 
SH.OUT- 
ECC.OUT- 
GNO- 



UIR.WSO- 
UIR.WSl- 



bUAL 4-1 

SELECT 

74LS153 





1 

2 

3 
-ENB 
OUT 7: 



10: 
11: 1 
12: 2 
13: 3 
15: -ENB 
OUI 9; 



14:SEL0 
?: SELl 



-LOOP 



-ECC=ZERO 
UIR.JUMPl 



LSOO 
Die 



UIR.JCJMPO— ^ 



JUMP70 L 



tS04>Oi^s--UIR.JUMP0 L 
COB 





UPC4 



COl 



-MBUSY- 
DONE TEST- 

LAST CCW- 

CMD. TO. MEMORY- 

-CMDl- 

DONE TEST- 



9S4Z 
AND-OR 


15: 

A 

14: 


13: 9: 


12= A 


11: 


10: 



CLR ECC 
POSC^ECC FIELD SIZE 



Vji^i^^"'^' 



;App1 ies to READ 
;coninand only. 



-DISK DATA 



DISK DATA — ^ 
ECC.OUT— ^ 



UIR.WSl 
UIR.WSO 

-WRITE DATA 



74LS86 , 

Dll 

LSOOJDUS- 



JQm. 



D18 ECC FEEDBACK ENABLE 



JIM. 



LS08 

Die 



UIR.FS2 

UIR.FSl 

UIR.FSO 

UCLKt 

GNO 

Hie 



8 WAY 
DECODE 
74LS138 



15; — NC 
14 



S3 
S2 
Si 



-ENB 
-ENB 
ENB 



TEST ECC L 
ECC=ZERO L — ^ 



TEST HEADER ECC L 



ho. TEST HEADER ECC L- 

N— -SET ECC, HARD L 

-ECC=ZERO L 



TEST ECC L 
CLR ECC L 

^^^^ ^ -ECC=ZERO— 12s^ ISO^ 

INCREMENT ADDRESS L 

NC 




CLR POSC L 



SET ECC. SOFT 



SET HEADER ECC L 



ECC=ZERO 



DISK CONTROL 



MICROCODE CONTROL 



10-JUN-1979 20:40 



Al: CADRDC; DCUC 



UI7- 
UI6- 
UI5- 
U14- 
U13- 
UI2- 

un- 

UIO- 

UIR.CLKt- 
-BUSY L- 



74LS273 
OCT REG 



11 ClKt 
I -CLR 



-UIR.JUMPl 

-UIR.JUMPO 

-UIR.LSZ 

-UIR.LSl 

-UIR.LSO 

~UIR.FS2 

-UIR.FSl 

-UIR.FSO 



uns- 
ung - 
uiia- 
un2" 
uni- 
uno- 

UI9- 
UI8- 



74LS273 
OCT REG 



11 CLKt 

I -crR 



-GET DATA 

-ERR ir START BLOCK 

-UlR.WSl 

-UIR.WSO 

-DONE TEST 

-UIR.CSl 

-UIR.CSO 

-NC 



UI23- 
U122- 
UI21- 
UI20- 
UT19 - 

una- 

UI17- 
UI16- 



74LS273 
OCT REG 



-3 

-7 

-3 
13 
14 
17 
18 



n CLKt 
CLR 



-CYLINDER TAG 
-HEAD TAG 
-TAG ENABLE 
-READ GATE 
-WRITE GATE 
-PRE GATE 

-UIR. HEADER STROBE 
-DATA FIEIJ) 



D06 



D07 



(M)Z IS 

CMOl ^ 

CMO0-— 

UPC5 ^ 

UPC4 — 
IIPC3~- 
UPC2 — 
UPCl — 
UPCO — 



512X8 
TS PROM 
74S47Z 



D7 
D6 
05 
D4 
D3 
D2 
Dl 
DO 



A8 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 



13 



UI7 
UI6 



-U14 
-U!3 



-UIl 



JL5 



512X8 
TS PROM 
74S472 



07 
06 
05 
04 
03 
02 
01 
DO 



A8 
A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 



-UI15 
-U114 
-UT13 
-UIl 2 
-UIll 

-uno 

-UI9 
-UI8 



Jia 



Jil 



JLZ 



-la 



Ji 



512X8 
TS PROM 
74S472 



07 
06 
D5 
04 
D3 
02 
01 
00 



A8 
A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 



-UI23 
-UI22 
-UI21 
-UI20 
-UI19 
-UI18 
-UIl 7 
-UI16 



DISK CONTROL 



MICROCODE INSTRUCTION 



30-SEP-1 978 02:25 



Al: CADRDC; DCUl 



wroRA- 

WFORB - 



-WFOR SYNC ^ 

s»*^muF — ^ 

CMD.FROM.MEMORY- 



LSOO 



LSll 



WFOR L 



WBI3- 
WBI2- 
WBIl- 
WBIO- 




WRITE OVERRUN IN 

WBUF.ICLK 

WBUF.OCLK- 

-BUSY L- 



mi 67401 
64x4 FIFO 



IN 



IN RDY 
our RDY 
Sfi IN 
SH OUT 
-CIR 



11: j^yF3 

12: yjjy|:2 

WBUFl 
W8UF0 
WFIRA 
WFORA 



WBI7 
WBI6 
W8I5 
W8I4 



J5j 



W41 67401 
64x4 FIFO 



OUT 



IN RDY 
OUT RDY 
SH IN 
SH OUT 
-CLR 



Hi — vn3u|:7 

wnuF6 

WBUF5 

Ul;_vrBUF4 

WFIRB 
WFORB 



F02 



FOl 



XBI7-" 
XBf6- 
XB15- 
XBI4- 
XB13- 
XBI2- 
XBIl- 
XBIO- 

CHAN.ACK.TO-^ 
MRDEl L- 



MR0E4 



-MRDE3 



-BUSY L- 
MRD CIK- 



74LS374 
OCT REG 



n CLKt 
OENB 



F03 



QUAD FF 
74LS175 



-0 



-CLR 
CLKt 



~WBI7 

-wni6 

--WBI5 
-WBI4 
-WBI3 
-WBI2 
-WBIl 
-WBIO 



-MRDEl 
—MRDEl 



-MRDE2 
— MRDE2 



MRDE3 
MRDE3 



15J , 



MRDE4 



74LS374 
OCT REG 




11 CLKt 
I -OENB 



F04 



n 



XBI23- 
XB122 - 
XBI21- 
XBI20- 
XBI19- 
XBI18- 
XBI17- 
XBI16- 



MRDE3 L- 



DATA ACK 


L 


.MRDE3-J^ 
MRD CLK-J^ 


0% 
74LS74 

E02 


^ MRD FULL 

^ MRD rULL 



-BUSY L 

;Id1e state has MRDE4 asserted. 
:MRD FULL clears on same clock 
:Lhat sets MRDE4. FiTo will 
;always gobble byte within 105 ns 
rbefore channel can clobber it. 



74L5374 
OCT REG 



11 CLKt 
OENB 



--WBI7 
-WBI6 
-WBI5 
-WBI4 
-WBI3 
-WBI2 
-WBIl 
-WBIO 



FOB 



XBI31- 
XBI30- 
XBI29- 
XBI28- 
XBI27- 
XBI26- 
XBI25- 
XBI24- 



MRDE4 L- 



74LS374 
OCT REG 



M CLKt 
OENB 



-WBI7 
~WB16 



--WBI5 
-WBI4 
-WBI3 
-WBI2 
-WBIl 
-WBIO 



MRD FUIL— ^^ 


1 r.^* \b 1= 


DELAY 
20NS INCS 
TDIOO 




-DATA ACK— 1^ 


INPUT 


FIFOHURD 


WFIRA -12s 


€06 


WFIRB— 2S 


20fiS 


i2^NC 




40MS 


^ MRD CLK 




60NS 


Uk-NC 




SONS 


2i NC 






lOONS 


^ WBUF.ICLK 



E03 



DISK CONTROL 



WRITE BUFFER 



30-SEP-1978 02:27 



AhCADRDCjDCWBUF 



NC- 
XBAOPAR- 
XBA021- 
XBA020- 



*: 



CHAN.MASTtR 




S04 
D19 



DRIVE XBUS ADDfT l~ 



DRIVE XBUS ADOR L 



26510 
OC BUS 
XCVR 



3 

1 6 
II: 2 10 
13: 3 14 

-BO 2 
-81 7 
-82 9 
-B3 15 



~NC 

-XBAIPAR 

-XBAI21 

~XBAI20 

-KC 

— XADOR.PAR 

— XADDR21 

~XADDR20 



XBAOll- 
XBAOIO- 
XBA09- 
XBA08- 



i: 



DRIVE XBUS ADDR L 12:-ENB 



26S10 
OC BUS 
XCVR 



3 

1 6 
11: 2 10 
13: 3 14 

-BO 2 
-BI 7 
-B2 9 
-B3 15 



-XBAIll 
-XBAflO 
-XBAI9 
-XBAI8 
— XADDRll 
— XADDRIO 
— XADDR9 
— XADDR8 



XBA0t9~ 
XBA018- 
XBA017- 
XBA016- 



26S10 
OC BUS 
XCVR 



3 

1 6 
11: 2 10 
13: 3 14 

-BO 2 
-Bl 7 
-B2 9 
-B316 



12:-ENB 



-XBAI19 
-XBAI18 
~XBAI17 
-XBAI16 
— XADDR19 
— XADDR18 
— XADDR17 
— XADDR16 



E24 



XBA07- 
XBA06- 
XBAQ5- 
XBA04- 



26S10 
OC BUS 
XCVR 



4: 3 
1 6 
11: 2.10 
13: 3 14 
-BO 2 
-Bl 7 
-B2 9 
-B3 15 



-XBAI7 
-XBAI6 
-XBAI5 
~XBAI4 
— XADDR7 
— XADDR6 
~-XADDR5 
— XADDR4 



XBA015- 
XBA014-- 
XBA013- 
XBA012- 



*: 



26S10 
OC BUS 
XCVR 



3 

1 6 
11: 2 10 
13: 3 14 

-BO 2 
-Bl 7 
-B2 9 
-B3 15 



12:-ENB 



-XBAI15 
~XBAI14 
-XBAI13 
-XBAI12 
— XADDR15 
— XADDR14 
— XADDR13 
— XADDR12 



E23 



XBA03- 
XBA02- 
XBAOl- 
XBAOO- 



26S10 
OC BUS 
XCVR 



4: 3 
1 6 
11: 2 10 
13: 3 14; 
-BO 2 
-Bl 7 
-B2 9: 
-B315 



-XBAI3 
-XBAI2 
-XBAIl 
-XBAIO 
— XADDR3 
— XADDR2 
— XADDRl 
— XADDRO 



F23 



F22 



F21 



DISK CONTROL 



XBUS ADDRESS XCVRS 



30-SEP-1978 02:28 



AI:CADRDC;DCXBSA 



Al: CHAOS; U8CHNI UML 



12/17/80 38:00:52 



Page 3 



PDP-11 Unibus Chaosnet Interface CHAOS ;UBCHHI UML 
*••**** DIP MAP •***•*» 



I7-DEC-80 1800 " 



DM8838 
QUBXCV 


X 


F20 


DM8838 
QUBXCV 


X 


F19 


DM8838 
QUBXCV 


X 


F18 . 


DM8838 
QUBXCV 


X 


F17 


1 74S38 
QUBINT 
I rxxx 


FIG 


j 71S38 
QUBINT 
1 xoxx 


F15 


74S175' 
O'JBiNI 


X 


F14 


OliK?4Y 
QUBINT 

fl3 


y 



74S0U 
QUBINT 



74L510 
QUBINT 



DM8 838 
QUBINT 



74LS74 
QADTIM 



£20 



74LS193 
QADTIM 



E19 



I 74LS244 
LMDATP 



E18 



74LS244 
IMDAIP 



25LS2521 
QADADR 



E16 



2{iLS2521 
QADADP 



DUMMY 
QUIiiNT 



74S04 
QADADH 

xxxxxx 

"TiT 



74LS'i63 
QA!)I IM . 



74I.S02 
QADADR 



FIO 



74S08 
IMRCTL 



ElO 



741S193 
QADTIM 


X 


D20 


74LS244 
LMDATP 


X 


D19 




74LS244 
LMDATP 


X 


DIS 


7415244 
LMDATP 


J 


D17 


74LS244 
LMDATP 


X 


D16 


74S32 
LMRCiL 

xxxx 


D15 


74S112 
LHTURN 

XX 


D14 


745)112 1 
LMTEFC 

XX j 


D13 


DUMMY 
LMMYNH 


X 



Dt2 



P SI PI 00 
J1MYNM 



DUMMY 
LMMYNM 



74LS193 
QADTIM 


X 


C20 


745133 
LMUCON 


X 


C19 


74L5138 
LMUCON 


X 


CIS 


74LS244 
LMDATP 


X 


C17 


7^LS244 
LMDAl P 


X 


C16 


74500 
LMIBFC 

XXXX 


C15 


1 74S00 
LMTBFC 
I xxxx 


C14 


2r.LS193 
LMIBUF 


x| 


C13 


25LS193 
LMTBUF 


X 


C12 


25LS193 
LMIBUF 


X 


C11 


2147 
LM TBUF 


X 



74LS174 
LMUCON 



B20 



74LS164 
LMTURN 



B19 



74LS164 
LMIURK 



B18 



74S04 
QUBINT 

xoooxx 
___ 



74LS02 
QUBINI 

xxxx 

~B16 



74S74 
LHMODU 



74S04 
LMTBFC 

xxxx XX 



74 165 
LMTBUF 



B13 



I 74 165 
LMIBUF 



B12 



IDIOO 
LMDtTC 



Bll 



74SU8 
LMIBFC 



CIO 



74LS193 
QADTIM 


X 


A20 . 


1 74LS193 
LMTURN 


X 


A19 


1 74LS193 
LMTURN 


X 


A18 


74LS193 
LMTURN 


X 


A17 


74LS161 
LMTURN 


X 


A16 

IDIOO 
QUBINT 


X 


A15 




74LS163 
QADTIM 


X 


A14 


74S37 
QADADR 

XXOX j 


A13 


TD250 
QADADR 


X 


A12 


TD?5 
LMDtTC 


X 


All 


745288 
LMMODU 


X 



AlO 



AI: CHAOS; UBCHNI UML 



12/17/80 18:00:52 



Page 4 



PDP-11 Unibus Chaosnet Interface CHAOS; UBCHNI UML 



17-DEe-80 1801 



DM883 7A 
OUBXCV 


* 


F09 




DM8837A 
OUBXCV 


X 


F08 


DM8837A 
OUBXCV 


X 


F07 


DM8 83 7 A 
OUBXCV 


X 


F06 


74S251 
LMMYNM 


X 


F05 


74LS1G1 
LMMYNM 


X j 


F04 


74LS161 
LMMYNM 


X 


F03 


74LS161 
LMMYNM 


X 


F02 


74S11 
LMMODU 

XXX 



DUMMY 
OADADR 



74S74 
OADADR 



E08 



PULLUP-D 
OADADR 



74S251 
LMMYNM 



74S51 
LMRBUF 



74S00 
LMUCON 



E04 



7 45 00 
LMRCTL 



E03 



745158 
LMLNDR 



E02 



FOl 



745174 
LMMYNM 



EOl 



74 279 
LMRCTL 

oxox 



74574 
LMRCTL 



D08 



74500 
LMRBUF 



D07 



25LS193 
LMRBUF 



D06 



25LS193 
LMRBUF 



D05 



25LS193 
LMRBUF 



74S04 
LMTCLK 

xxxxxx 



74510 
LMMODU 



745287 
LMMYNM 



9401 
LMTBUF 



C09 



74551 
LMTBUF 



9401 
LMRBUF 



C07 



74574 
LMRCLK 



C06 



74537 
LMRBUF 



C05 



2147 
LMRBUF 



C04 



T0250 
LMRCLK 



C03 



74508 
LMRBUF 



C02 



74S74 
LMDETC 



COl 



74504 
LMDETC 

xxxxxx 



74502 
LMTBFC 



BOS 



74LS164 
LMRBUF 



B07 



74LS161 
LMRCLK 



74L5161 
LMRCLK 



B05 



TO 100 
LMDETC 



B04 



745163 
LMTCLK 



B03 



74574 
LMDETC 



B02 



74504 
LMRCLK 

xxxxxx 

"loi 



745112 
LMMODU 


XX 


A09 


74S374 
LMMODU 


X 


A08 


74LS164 
LMRBUF 


X 


A07 


745112 
LMTCLK 


XX 


A06 


EXAR-CL 
LMTCLK 


X 


A05 


26502 
LMRCTL 


XX 


A04 


DUMMY 
LMLNDR 


X 


A03 


26LS31 
LMLNDR 

xxxx 


A02 


26LS33 
LMLNDR 

xxxx 



AOl 



Al: CHAOS; UBCHNl UML 
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-11 Unibus Chaosnet Inte 
•••*••• EDGE CONNECTIONS 



rface 
F 1 ags : 



CHAOS lUBCHNI UML 17-DEC-80 1803 
[# Output, @ Terminator, Dedicated ground, 

-B- -C- 



Dedicated power) ••••**• 
-D- 



lAl NPG.IN* 

1 A2 +5 . 0V++++++++++++++++++ 


Al 

A2 +5 . OV++++++++++++++++-f+ 


Al GND ff 
A2 +5 . 0V++++++++++++++++++ 


Al 

A2 +5 . OV+++++++++++++++-t"++ 


Bl NP6.0UT* 
B2 -5.0V 


Bl 

B2 -5.0V 


Bl 

B2 -5.0V 


Bl 1 
B2 -5.0V 1 


CI 


if 


CI 


CI -A12* 


CI 






C2 GND-- ff 


C2 GND " # 


IDl 

JD2 -016* 


# 


01 

02 -BR7* 


Dl -A17* 
D2 -A15* 


Dl -BBSY* #1 
D2 1 


El 

E2 -D14* 


if 


El 

E2 -BR6* 


El -MSYN* 
E2 -A16* 


" 1 
E2 1 


Fl NC 
F2 -D13* 


if 
ff 


Fl NC ff 
F2 -BR5* 


Fl -A2* 
F2 'Cl» 


Fl NC #1 
F2 1 


jHl -Oil* 
|H2 -D12* 


ft 
if 


Hr 

H2 -BR4* 


HI -Al* 
H2 -AO* 


HI 
H2 


Jl 

J2 -DIO* 


ff 


Jl 
J2 


Jl -SSYN* ft 
J2 -CO* 


Jl -NPR* 1 
J2 1 


Kl 

K2 -09* 


Kl 
ff K2 B67.IN* 


Kl -A14* 
K2 -A13* 


Kl 
K2 


LI 

L2 -08* 


ff 


LI -INIT* 
L2 BG7.0UT* 


LI -All* 
L2 


L2 1 


IMl 

|M2 -D7* 


ft 


Ml 

M2 BG6.IN* 


Ml 

M2 GND ft 


Ml -INTR* ff 
M2 


Nl NC 
N2 -D4* 


ff 
ff 


Nl NC ff 
N2 BG6.0UT* 


Nl GND ff 
N2 -AS* 


Nl NC # 
N2 


PI -BOOT* 
P2 -05* 


if 


PI 

P2 B65.IN* 


PI -AIG* 
P2 -A7* 


PI 
P2 


Rl 

R2 -Dl* 


ff 


Rl 

R2 B65.0UT* 


Rl -A9* 
R2 


Rl 
R2 


SI 

32 -DO* 


ISl 
ff\Sl BG4.IN* 


SI 

S2 GND ft 


SI 
S2 


Tl GND -— 

T2 -D3* 


//r 
ft 


ri GND ff 

T2 BG4.pUT* 


11 GND— - if 

T2 


Tl GND— — - if 

\2 -SACK* ft 


Ul 

U2 -D2* 


a 


Ul 
U2 


Ul -A6* 
U2 -A4* 


Ul 
U2 


VI 

V2 -D6* 


» 


VI 
V2 


VI -A5* 
V2 -A3* 


VI 
V2 










1 




















1 




















' 


1 



AI; CHAOS; UBCHNI UML 
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-11 Unlbus Chaosnet Interface CHAOS ;UBCHNI L'ML 
******* EDGE CONNECTIONS Flags: (^ Output, @ Terminator, 



-JOl- 



17-DEC-80 1803- 
— -- Dedicated ground, ++++ Dedicated power) 



«*•»«»• 



-J02- 



-J03- 



03 INTERFERE- 

04 GND 



03 
# 04 



105 RCVR.DATA+ 
06 RCVK.DATA- 



-J04- 



01 
02 


01 GND # 

02 1NTERFERE+ 


01 
02 


01 
02 



07 
08 


07 GND tf 

08 TRANS. DATA+ if 


07 
08 


07 j 

08 1 



09 
10 


09 TRANS. DATA- if 

10 GND it 


09 
10 


09 
10 



1^^ 

12 



115 
16 



1^^ 
18 



119 
20 



121 
22 



119 
20 



l?9 
30 



25 

26 GND- 



29 GNO- 

30 GND- 



25 
# 26 



if 29 
U 30 



27 

2g ..---__ 


27 GND — U 


27 — — — 


27 






28 --»--.-_. „_« 


28 — 



[31 
32 



132 

34 



137 
38 



139 
40 



31 GND- 

32 6ND- 



133 GND- 
34 6ND- 



#31 
#32 



it 33 
if 34 



35 — - — 

35 — . „ , 


35 GND — if 

3(j --__-„ __.»__ . 


35 — 


35 - 






35 — _„_ . __._. — 


36 



141 
42 



143 
44 



{45 
46 



49 
50 



149 
50 



47 — 


47 — 









CHAOS; UBCHNI UML 
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PDP-11 Unibus Chaosnet Interface CHAOS ;UBCHNI UML 
*»*.»»» EDGE CONNECTIONS Flags: (# Output, e Terminator, 



17-DEC-80 1803 
-- Dedicated ground, ++++ Dedicated power) 



-J07- 



-J08- 



107 
08 



11 

12 


11 
12 


11 
12 


11 
12 



[15 
15 



119 
20 



125 
26 



21 
22 


21 
22 


91 ----.--._»-- — _»«.^__«.«.„» 




no i._„__„________~._« _ 









23 

24 


23 
24 


oo .__.___ __»«_^«„__„__« 




OA -__-._-«.__«.__««___„ _» 









[27 
28 



129 
30 



133 
34 



(31 
32 



135 
36 



137 
1 38 

T39~ 
140 



|35 
36 



|43 - -- — 


43 — 






J44 





145 
46 



145 
46 



49 
50 



49 
50 



74LS244 
rs BUS DVH 



mm- 

lABORTFD- 
TIEII- 
RUN- 

-11RC5R- 

GWD- 

>IAICH.AIIY.DFS1- 

LOOP.BACK- 

TlMFR.IkN- 

-IIRCSR- 



l -WIIB 



19 -BEMB 



--UB07 

-uaoQ 

-UB05 
"-U804 



f?00f4E- 

CRCERH- 

Gtm - 

ISICW13- 



-UB03 

-mo? 

-UBOl 
-UBOO 



LSTCM12- 

LSlCNll- 

LSFCNFO- 

GND- 



/4LS244 
IS BUS «)VHl 



-Ui015 
-UB014 
-U8013 
-UBOl? 



-UBOll 
"UBOIP 
-UB09 
-UB08 



mifn 

-IIRMY* 
Wff3 

mm 

-IIRMY* 





74LS744 
IS BUS DVH 


UB07 


ir/*15 


741S244 
IS BUS »VR 


— 


\ 18 


? 18 


— . 


r 16 


UB06 


KYiff!4 


1 16 


— 


» 14 


— -UB05 


MY#13 


S 14 


— 


J 12 


UB04 


MY^IZ 


J 12 




1 -AFWi 


\ -AFNB 




— UB03 


H{tH\ 


— 


11 9 


n 9 


— 


13 7 


UB02 


HY^rio 


13 7 


— 


15 5 


—UBOl 


MY*9 


15 5 


— 


17 3 


UBOO 


MY#8 — 


17 3 




19 -BFNB 


19 -BFNB 









-UB015 
-UB014 
~UB013 
-UB012 



-UBOll 
-UBOIO 
-UB09 
-UBOS 



018 



019 



R07 
RD6 
RI)5 
RD4 



RD3 
RD? 
HDl 
RU() 



-IIRRBUF 





7415244 
IS BUS DVR 


^UB07 


R015 


74L5244 
IS BUS DVR 




I 18 


I 18 




^ 16 


UB06 


RD14 


» 16 




r. 14 


UB05 


RD13 


5 14 




3 17 


UB04 


RD12 


\ 12 




1 -AFNB 


1 -AFNB 










n 9 


■ UB03 


RDll 


11 9 




13 7 


- — UB02 


BOIO 


13 7 




15 5 


—UBOl 


RI)9 


15 b 




17 3 


UBOO 


RD8 


17 3 




19 -BFNB 


19 -um 









— uBoir> 

— UTlOl* 
— UB013 
— UB012 



-UBOll 
-UBOIO 
-UB09 
-UB08 



RBCT7 
RBC16 
RBC15 
RBCT4 



RRCr3 
RBCT2 
R3C11 
RBCTO 



llRRBTCr 





741S244 
IS BUS DVR 


UB07 


GND 


741S244 
IS BUS DVR 




? 18 


? 18 




♦ 16 


tJB06 


GNO 


% 16 




[i 14 


-— UC05 


GW) 


S 14 




: 12 


— IJH04 


GND 


t 12 




1 -AFNB 


1 -AENB 




IIB03 


RBCTll 




11 9 


11 9 




13 7 


UB02 


RBcno 


13 7 




15 5 


— 4JB01 


RBa9 — 


15 5 




17 3 


'UBOO 


RBCT8 


17 3 




19 -BFNB 


19 -BFNB 









-UB015 
-UBOl 4 
-UB013 
-IJB012 



-UBOll 
-UBOIO 
-UB09 
-UB08 



fcl8 



Cld 



C17 



LISP MACHINE CHAOS NET UNIBUS OUTPUT 



15-SEP-1979 10:47 



Al: CHAOS; LMDATP 



.5t 



Tn < U "^^'^ T - 



rocK L 

SAMPIE — 
GtllCU-T 



fCJOH CNfR 
RIPPLF 



GND 



12^ 



LOCKOUT END^^ CLKt 
lOCKOUT miT L-12^ -CLR 



EDGE L^ 



74S74 
D Q 



jr-LOCKOUT 



-SET 



HI2- 



£08 



TTL.D.IM.B- 



-ll 



74S74 

D kr-NC 



-0 51 



CLKt 
>CLR 
-SEI 



HI? 



IZl 



B02 



-UL.D.IIi.B^^ 

m. 



Jik 



74S74 

D br-NC 



-0 5: 



CLKt 
-CLR 
-SET 



B02 



74S08 
C02 



TRANSCEIVER DELAYS FALLING 
EDGE MORE THAN RISING EDGE 



SAHPLI: Should be timed to occur In the middle 

or the data part of the cycle. 

Normally, this will be .75 of the cycle time 

less 15-?5 Its. LOCKOUT END should be 5 ns earlier. 



LOCKOUT 



X. |\ -CBLBSY A^^sJ "\_^ ■ 



^LOCKOUT INIT L 



jDF.LAY 10 AVOID OVERLAP WITH -C8IBSY 
:IN THE NORMAL MODE OF OPERATION 



ril .D.IN- 



S04^>O4*- 



'^09 




S04 
-TTl.D.IN 



4_jiai 




504 
R09 



-TTL.D.IN.B 



-TTL.D.IN.B 



-Z^ 



SAMPLE-^ 
HIZ- 



74S74 



ClKt 
-CIR 
-SET 



-RDATA 



GND 



IZs. 



GENCLK END-1^ 

LOCKOUT INIT L^^^ 

EDGE L^fi* 



74S74 
D 



CLKt 
'CLR 
-SET 



-0 5r-~c 



COl 



eoi 



JLs 



NC 
NC 



^^-GENCLK END 



DFIAY 
20NS INCS 
IDIOO 



?ONS 
40NS 
60NS 
SONS 
100NS 



-GENCLK 



^NC 
^^GENCLK END 



l^i 



NC 



B04 

JUMPERS 

8 MHz 



5(8) -> 20 ns 12(15) 
3(6) -> 40 ns 4(7) 



JlS, 



4 MHz 



5(8) -> 100 ns 8(11) 
3(6) -> 60 ns 1U( 13) 



NC 
NC 



25~NC 

is 



DFIAY 
20NS INCS 
IDIOO 



20NS 
40NS 
60NS 
80NS 
lOONS 



-SDLY02 



JLS. 



Ia-NC 
"l^NC 
^2-NC 
-NC 



Bll 

JUMPERS 

8 MHz 



NC 
NC 



-lOCKOUr END 
^^^SAMPLE 



DFIAY 
5NS INCS 
1 025 



5NS 
IONS 
15NS 
20NS 
25NS 



l^NC 
*^NC 

-NC 
*5~NC 



3(6) -> 20 ns 12(15) 

4 MHz 
3(6) -> 60 ns 10(13) 



All 



JUMPERS 
8 MHz 



3(6) -> 26 ns 8(11) 
5(8) -> 20 ns 6(9) 



4 MHz 



3(6) -> V5 ns 10(13) 
5(8) -> 10 ns 4(7) 



LISP MACHINE CHAOS NET DETECTOR 



13-AUG-1980 09:46 



At: CHAOS; LMDETC 



-P6LS32 





26LS33 
LINE 

RCVR 




RCVR.DAFA— ^ I 
RCVR.DArA+~^ -I 

INTERFERE+-^ I 

7. 
IHTERFFRE — '^ -I 

NC^ I 

Q, 

NC-2- -I 
NC^ I 
•IC^^ -I 


^^— RCVR. DATA. IN I 
*^ INTERFERENCE IN 
Ui-NC 
^NC 




ENB 
-FNB 






AOl 






OUAD 2 IN 
SHiCr IN\ 
74S158 




RCVR. DATA. IN 1^^ 
HL.D.OUl t^^ 


AO 

-A 
Al 


i^TTl.D.IN 


INTERFERENCE IN^^ 


BO 

-B 
Bl 


^ INTERFERENCE 


NC-Si 
NC-^ 


CO 

-c 

CI 


l^uc 


NC-^ 
NC-^ 


00 
01 


a^NC 


LOOP.BACK-^ 


SFl 




GNO^ 


-ENB 







26LS31 

LINE 

DRIVER 




TTL.D.OUT L-^ 



I 
-0 


^^ TRANS. DATA- 
^TRANS.DATA+ 


NC-^ 



I 
-0 


S^NC 
^^NC 


NC-2i 




I 

-0 




IKiS^ 



-0 


l^NC 


GND-^ 


ENB 




LOOP. BACK L^^ 


-ENB 





INTERFERE* 
RCVR. DAI A+-2± 

Hll 
HI2-Bi 



T.RC- 




^^INTERFERE- 
^^ RCVR. DATA- 
l^R.C 
Ull-VCC 

^^VCC 

^vcc 
i^vcc 



E02 



Aoaea 



LISP MACHINE CHAOS NET LINE DRIVERS 



17-DEC-1980 12:20 



Al: CHAOS; LMLNDR 



cw~^ 

ISRFMPTY-^ 


^.^ Vil2s 12- 


74S74 



j^NC 


SIO X>*'" *••" 


-CBlBSY-1^ 


_y 








D02 
HY.TURNt-^ 


-0 

CLKt 


|--TSTART 




Miliar 


-CLR 




- 


fOCLKtifl2 


-SET 








B15 






Hll-I2i 


74S74 
D 


jr-TDONE 




IBUSY L-^ 


-0 
CLKt 


j^-TDONE 




TRESET l-l^ 


-CLR 






SEf fOONE L-^ 


-SET 







32X8 
PROM 
74S288 


NC TBUSY IN L 

NC TDATA 


74S374 
OCT REG 


TBUSY L 

TDATA D 

PRECHARGE ENABLE 

PROM CLOCK 

D OUT 

TS3 

TS2 

TSl 


..co«sT«rT»'* ^-f 

COLLISION-^ 

AB0RT0N~2i 

HIl^^ 

-FCLKt -^ 

HIliaL 

TBUSY ^^ 
GND^Zl 

TRESET L^^ 
-ABORT -^ 








74S112 
J-K FF 






079: 
067: 
056: 
045: 
034: 
023: 
012: 
OOt: 


\ 2 
% 1 5 
7 2 6 
5 3 9 

13 4 12 

14 5 15 

17 6 16 

18 > 19 






-s 

J 
K -Q 
-R 
CLK* 








^^-ABORT 






'^ — ABORT 






















A09 






FCLKt 

GND 




TBUSY 

TDATA D 


14: A4 
13: A3 
12: A2 
I1:A1 
10: AO 


11 CLKt 
I -OENB 


74S112 
J-K FF 




TS3 

TS2 

TSl 


-s 

J 
K -0 
-R 
CLK* 






A08 




^^— TABORTED 


GND 15:-CE 







AID 



AQ9 



TBUSY L-^ 




74S04>a=^ TBUSY 
609 



TBUSY 
PROM CLOCK 



B. soo\ai_ 



TOCUt 



E04 



SET IDONE L 



BIO 



D OUT 



i;. S02 



TTL.D.OUT L 




INTERFERENCE I 
TBUSY 



'i^^J)^' 



COLLISION 



BOB 



TBUSY IN L 



LISP MACHINE CHAOS NET SERIAL MODULATOR 



13-AUG-1980 09:46 



Al: CHAOS; LMMODU 



ROAftI). SELECT 



ohm ■'■^^'^MY^O 

if A\ 

10-gln2X51_„y^2 



1)111?! 



1000 
ohm 



10-pfn 
SIP 



ill£iKy/yi4 

iUiLi|^Y#17 
iJXl^MY*ll 
^^-^^MY#10 
2lliUMY^9 



;SIPS arc 750- 101 -R IK 



GND- 
GND- 
GND- 
GND- 
GWO- 
GND- 
GliO- 
GNO- 



OIP 
StfirCH 



-^^3s 

-^-«ls 

j7^ ~/-f 0=: 



Ori2t2 



GND 
GND 
Glil) 
GNO 
GND 
GNO 

cm 
cm 



DIP 

swircH 



'HI6h 

^-43. 
^-!2s 



D1092 



MY*.BII- 

RDAIA- 

MAICH.ANY.DfSf- 

PRIWIUG- 

PRBCK- 

PRBCI5- 

RSl - 

GND-^ 



74S787 
?56 X 4 
IS PROM 



AO 
At 
A? 
A3 
A4 
A5 
A6 
A7 



12; 



lli_ 






-INB 
-ENS 



DEST MAFCH 
SRC SIB 



RISTAF 
1 1 EC 10 ! 
74S251 



-MY//2 



JUlL 



-llj 



JLil 



-MYA'e 



J12J 



IRISIATI 

El EC rot 

74S251 



-MY/flO 



_1& 



PRBCf2-^ 
PRBCl 1 ^ 
PRBCIO^ 

-PRBCr3- 



^^— MY*. BIT 



SEL2 
SELl 
SEEO 



PRBCT2- 

PRBCTl-1^ 

PRBCTO-^ 

PRBCT3- 



SEL2 
SELl 
SELO 



-CE 



-HY#.BIT 



-lie 



its.meJ 




S04 
DOS 





4Bn CTR 
74LS1G1 




TC 


NC-^ 


13 D3 


NC~^ 


12 D2 


UC-^ 


11 Dl 


wG-ai 


10 DO 


Hll-"i^ 


ENB T 


-RACT-^ 


ENB P 


Hii~ai 


-PE 


ll.SAYS.GO-^ 


-CLR 


10- 2: 


CLKt 





1^1 



NC 



^^LSTCIIT3 
1^LSTCIIT2 
J^LSTCKTl 
^^^ISTOITO 



F04 



E06 



PRBCT3- 




S04 
D03 



-PRBCT3 



F05 



PRBCT.TC- 
NC- 
•IC- 
NC- 

PRICLKt - 
HU- 



14: 
13: 
11: 



HEX FF 
74S174 



CLKt 
-CIR 



B 



MY TURN OIEF 
MAICH SO FAR 
RSI 

-RS2 

-PRIWBEG 





4BiT CTR 
74LS161 


PRBC 
15: 


T.TC 

NC~^ 
NC~S^ 
NC-^ 
NC-^ 

10: 


48fT CIR 
74LS161 






TC 


TC 


la^NC 




^^PRBCT3 
*^PRBCT2 
l^PRBCTl 
^^PRBCTO 


NC-^ 
NC-^ 

NC^ 
NC-^ 


13 D3 
12 D2 
11 Dl 
10 DO 


13 D3 
12 D2 
11 Dl 
10 DO 


U^NC 
12: 


l^^PRBCTS 
l^PRBCT4 

D03^ 


7: 


ENB T 
ENB P 


ENB T 
ENB P 


7: 


~^i<><soi 






9- 


>5 


HU-^ 

CBIBSY L-^ 

PRICLKt-^ 


-PE 
-CLR 
CLKt 


-PE 
-CLR 
CLKt 




1: 




2: 











-NC 
-NC 
~NC 



SRC SIB- 
6ENCLK- 

DEST MATCH^^ 
GENCLK-^ 



SOO 
E04 



F02 



LOAD. MY. TURN L 



IIS. ME- 



SOB f^^nsA 



F03 



SOO 
E04 



C02 



-RACE 
MATCH SO FAR 







SIO 
002 



GOT. ONE L 



LOST. ONE 1 



LISP MACHINE CHAOS NET FIND MSGS DESTINED FOR ME 



13-AUG-1980 09:54 



Al: CHAOS; LMMYNM 



Jill 



JL. 



S37 
COS 



ROCLKt 
RO.FIRSI 



'Ii^j«««>"^ 



C02 



004 





IK R/VM 
IN ?14J 


7+ 






DO 










RBCnt^^ 


All 




RBCIIO^^ 


AID 






Rnci9-^ 


A9 






RRCfslSi 


A8 






RBCI?"^ 


A7 






RBCin^ 


A6 






RBCI5-^ 


A5 






RBCM-^ 


A4 






?= 


RBCT3-^ 


A3 






RBCr?-^ 


A2 


-r 


lACT 


Js 


RBC1 1 -^ 


A1 


f 


ACT 


4= 


RBC!0-1^ 


AO 






is 








EOS 


"^H 1^ + 


DI 
-WE 




RICIKt-fi^ 






Gm^ 


-CE 









>S51 



RICLKt 
ROCLKt 



74S00 



D07 



ABOKISIG- 
RACT- 



S0O 
D07 



Hfi — 

GNO — 

GND— - 

RACT — 
-CRC.PRE 



9401 
CRC GEM 



12e 
ERR 13= 
I Ir DIN 

s GIK* 

3 CLR 

s -PRE 
IOh CWE 

s S2 

s SI 
)= SO 



-NC 
-CRCERR 





25LS193 
b/0 CNIR 


RBCTC 


NC — 


25LS193 
U/0 CNIR 


RBCT4 


NC 


75LS193 
U/0 CNIR 


NC 


15: 3: 


15: 3: 


15: 3: 


NC 


1: 1 2: 


— RBCTl 


NC 


I: 1 2: 


^RBCTS 


NC 


1: 1 2: 


NC 


10: 2 6: 


RBCT2 


NC 


10: 2 6: 


— RBCT6 


NC 


10: 2 6: 


NC 


J: 3 7: 


RBCT3 


NC 

> Dnm:>ir> i 


J: 3 7: 


RBCn 


NC 


J: 3 7: 




-B0R13: 


-B0R13: 


-B0R13: 




Y itwwLnu I. 






-CAR12: 

1 . Q}'t 


—, 




-CAR12: 








-CAR12: 


Nils 










RICLKt 


>• cut 








\: Q3t 








»: CDt 




11* -ID 




11: -LD 
U: CLR 




>: cut 


RRESET 


U: CLR 


• 




11: -LD 
14: CLR 








1 









-RBcrs 

-RBCT9 

-RBCTIO 

-RBCni 

-NC 
-NC 



ROCLKt 
RO.FIRSTt 



74LS164 
SER-^AR 
SR 



OH 13: 

06 12h 

Of lU 

OE 105 

QD 6r 

OC 5= 

QB 4 

OA 3 



□ ?5 DIN 
Is DIN 



CLKt 
s -CLR 



-RD7 
-RD6 
-RD5 
-RD4 
-RD3 
-RD2 
-RDl 
-ROD 



RD7- 



xr: 



74LS164 
SER-»PAR 
SR 



OH 13 
06 12h 
QE lis 
Of- 10: 
OO 6h 
OC 5: 
QB 4h 
QA 33 



H DIN 
DIN 



3s CLKt 
J3 -CLR 



-R015 

-R014 

-RDia 

-RD12 

-RDll 

-ROlO 

"-RD9 

-RD8 



A07 



C07 



LISP MACHINE CHAOS NET RECEIVER BUFFER 



13-AUG-1980 09:47 



Al: CHAOS; LMRBUF 



NC- 



CBLBSY- 



■ts 



1TL.D.IN L- 
FCUt - 



4BIT CTR 
74LS161 



l^ 



13 D3 

12 0? 

II Dl 

10 DO 



FNB r 



-PE 
-CLR 
ClKt 



NC 



-NC we -^ 

^^-CBIBSY A NG -^ 

^^NC MC -^ 

lll-NC lie -^ 



BOS 



■t 



-TTL.D.IW.B L-i^ 

2L 



4BIT CTR 
74LS161 



TC 



13 D3 

IZ 0? 

n Dl 

[0 DO 



fNB T , 
ENB P 



-PE 
-CLR 

cut 



i^llC 



^^ABORTDN 
^2^AB0RTSI6 



B06 



-CBIJBSY A- 




S04p»CHs~CBlBSY 
BOl 



so4>oas~-c 



ABORTDN 



lis so4]>OlJtt£- 

^1 



ABORIDN 



CBLBSY --«H S04 >Oas-->cBIJSY 
'"BOl 



-PRfCHARGE ENABLE L- 



CBLBSY L- 



DFIAY 
bmS INCS 

in?50 


i^N. 
IOh 


INPUI 


SONS 
lOONS 
150NS 
200NS 
250NS 


i^NC 
i^NC 



cos 



GFNCLK 
-PRACT-^ 
74S00 >'^ -5& 

DO? 




SIO 
D02 



iPRECHARGE IS 
:3 FCLK'S 



RRESEr- 
-CBLBSY-^ 



S02 
BOB 



-START t 



-CBLBSY L 
H12 



J^ 


74S74 

D g 




-0 


3= 


CLKt 




-M 


-CLR 


-4i 


-SET 



^, i PRACI 



^ S37\)a=^l 



PRICLKt 



COS 



COB 



-PRACT 



GtKCIK- 



f12s 



J^ 



MI2 ^^ 



74S74 
D Q 



CLKt 
-CLR 
-SET 



Jki. 



S37 Jcfi^ 



RiCLKt 



-RACT ^JruE PREVIOUS BIT INTO 
: MEMORY. 1 HEN CLOCK 
; ADDRESS CNTR. ETC. 



C06 



LISP MACHINE CHAOS NET RECEIVE CLOCK 



13-AUG-1 980 09:48 



Al: CHAOS; LMRCLK 



11 RD BF 
-REAO.fXWE 



-IIRRBUF L- 



ROWEND L- 



S08 
ElO 



-S 
74279 

Dog 

-R 



-ZS. 



UBH:mS CLKt — ii|>C -.Qp-MC 



1 



74S74 
008 



T 

HIl 



-Ilk 



-UB*CHS CLKt 



SOO 
E03 



R.C 



RC 



—READ. DOME 



GNO 
-RDONE 



'^^ 



M 



^l\ 





26S0Z 
A04 

D ^ 



HIl 



ROCLKt 



NC 



-RO.FIRSrt 



IHIS PRE -DECREMENTS THE SILO POTNTER 
M1ICH THEN POINTS TO THE FIRST BII 



GOT. ONE I. 



INIT L 
11. SAYS. GO L 




Ijr— RCV BUSY 



CLR RCV BUSY L 



CLR RCV BUSY L- 
-CBLBSY I— 1^ 



-RCV BUSY L— 12i<^ 




015 



RCV BUSY- 
-RACT- 




74S00 7« RRESET 

jCLEAR BUFFER ADDRESS COUNTER 



RDONE L 



LISP MACHINE CHAOS NET RECEIVE CONTROL 



13- AUG- 1980 09:48 



Al: CHAOS; LMRCTL 



TSRLOAD L 



IDONt 
CW 




-TSREMPTY- 
-U&*CMS CLKt-2* 



-TFCLKt 
jCLOCIC FOR IMPUT 
C14 XMll SR 



RESET 
TOCUt 



* ^ -"^ Avoid va 



BIO 



SET TSREWTY L 
:Avo1d various bung states 



;lg>s 



^*~CW ;WRITING CRC WORD, 
^ :UAIMNG FOR CABLE. 
-CW ;0R SEW31IIG MESSAGE 



-HXMT- 



TDONE 
TSRLOAD I 



^"n_^ -ill ^"° /^' — 

015 ' Z^ 



:LOAD SOURCE # & START XMIT 



-IIWIBUF 



74S00 



;AWY LOAD OF BUFFER 



:USiyU.LY LOW 






CIS 
;LOAD XMir BUFFER 



lOi. 
TSREMPn-^ 






T.RC 

Ji5;h4: 

C Rt 





26S02 
A04 



ljl:> 



HI2- 



r: 



-SRHJNIBUS 
— SRHillBUS 



HI? 



soo 

CIS 



745112 
%14 



H12 




S04 
614 



SOO jDttS- 
C15 



-TRESET 



: RESETS CRC GEN & XMIT ADR CNTR 



-TRESET 



TSRLOAD; 
CAUSES SSYN.LOAD OF XMIT SR 



-NC ;THIS MAKES TT WIN WITH PDPllS 
; WHICH DROP DATA AND MSYN 
•.SIMULTANEOUSLY (E.G. LISPM) 

— TSR.SSYN 



LISP MACHINE CHAOS NET TRANSMIT CONTROL 



13-AUG-1980 09:49 



At: CHAOS; LMTBFC 





?5I,S193 
U/U CNIR 


— iBcro 


NC 


25LS193 
D/D CNIR 


TBCT4 


NC 


25LS193 
U/D CNIR 




NC 


15: 3: 


15: 3: 


15: 3: 


TBCT8 


HC 


I: 1 2: 


IBCTl 


NC 


1: 1 2: 


TBCT5 


NC 


1: I 2: 


TBCT9 


WC 


10: 2 6: 


rBCT2 


NC 


10: 2 6: 


TBCT6 


NC 


10: 2 6: 


— TBcno 


NC 


): 3 7: 


IBCT3 


NC 


): 3 7: 


— iBcn 


NC — - 


»: 3 7: 


— IBCTU 




-B0R13: 
-CAR12: 

«: CDt 

>: cut 






-B0R13: 
-CAR12: 

i: CDt 

i: cut 


-B0R13: 
-CAR12: 

*: CDt 

>: cut 


— TOON L 












TOCLKt 

TICLKt 














- — NC 


m\ 

TRtSCT 


!1: -ID 
M: CIR 




11: -ID 




11: -10 
I4:CLR 























Cll 



C12 




iuT S37\)Us.n>ATA 



COS 



C09 



LISP MACHINE CHAOS NET TRANSMIT BUFFER 



13-AUG-1 980 09:49 



Al: CHAOS; LMTBUF 



DIP OSC 
32 MHZ 



A05 



FCLKt - 




S04 
1)03 



;WIRF TO HI 
:T0 GET DtS 





HI 


2 

10: 




4 


3*e 


74S112 
C 


12^ 




h 



^^MCLKt 



A06 



OR GNO 
RED SPEED 



Ht.C-^ 
HIX 

NC 
NC 



HI.C-1^ 
HI.C-^ 
-FCLKt -^ 
HI .C -^ 

z. 



4BIT CIR 
74S163 



13 03 

12 D2 

n 01 

10 00 



FNB T 
ENB P 



-PE 
-CLR 
CLKt 



L5JL. 



-FCUt 






B03 



IK Ohras, 1/4W 

Hi.c — ^•'^f^^fjy- — vcc 



; Used to generate the 1 usee clock 



HI2 



ri 



^^FCLK/2t 



0% 
745112 
C 



K ^opi-iic 



ELS: A06 



FCUt - 

-FCIKt- 

FCUCt- 



-ub*<:hs cut 

— UBH^iS CLKt 
— UB-^CHS CLKt 



B03dl 



LiSP MACHINE CHAOS NET TRANSMIT CLOCK 



17-DEC-1980 11:19 



At: CHAOS; LMTCLK 



"My Turn" Counter 





74LS193 




74LS193 




74LS193 






-CRY 
-BRW 


12: 




-CRY 
-BRW 


12: 




-CRY 
-BRW 


12LL.MC 
l^NC 




i3: 




HOST ADR DIFF.7-^ 

HOST ADR DIFF.&i^ 

HOST ADR DIFF.5-^ 

HOST ADR DIFF.4^^ 
5: 


13: 




HOST ADR DlFF.ll-^ 

HOST ADR DIFF.IO^^ 

HOST ADR DIFF.»-J^ 

HOST ADR DIFF.a^ 
5: 




^HC 
^^IIC 
^NC 
i^NC 




^^MY.TURNt 
i^NC 
^NC 
"^■^NC 




HOST ADR DIFF.3-^ 
HOST ADR DIFF.2-i^ 
HOST ADR DIFF.l-^ 
HOSI ADR DIFF.O^ 


D 
C 
B 

A 


D 
C 
B 
A 


D ^-NC 
C SLU^NC 
B i^NC 
A J^NC 


MY. TURN ClKt-^ 
LOAD.MY.TURII L-^ 


cm UP 

CNf DN 
CLEAR 
-LOW) 


CNl UP 
CNF DN 
CLEAR 
-LOAD 


CNT UP 
CNT DN 
CLEAR 
-LOAD 






4: 




_ 4: 






14: 




14: 




11: 


11: 



















A17 



A18 



: DEFAULT IS MYTURN.MOD 2«-7 OR 64 USECS 



MY lURN Dl 



..-{£ 



PRIClKt- 



74rS1C>4 
8 nil SR 



-CLR 
CLKt 



rHOSr ADR DIfF.7 
lyr-HOSI Ar)R DIFF.6 
jjr-HOSr ADR 0IFF.5 
f^HOSr ADR DTFF.4 
TT-HOSI ADR DIFF.3 
rr-HOST ADR DIFF.2 
jr— HOSI ADR DIFF.l 

-HOST ADR DIFF.O 



HOST ADR DI 



''•'--Q 



J^ 



74LS164 
8 BI1 SR 



-CLR 
CLKt 



r-NC 
Z-NC 



nrNc 

IoTNC 

^T-HOSr ADR DIFF.ll 
-HOST ADR DIFF.IO 
-HOST ADR DIFF.9 

jr~HOST ADR DIFF.8 



HI2- 



r^ 



HI2- 

-MY.TURN FREO L- 

HI2~ 

FCLK/2t- 



£ 



Ami CTR 
741^161 



l&l 



13 03 

12 D2 

11 Dl 

JO DO 



INO T 
ENB P 



-PE 
-CLR 

cut 



ll^NC 

i^NC 
^^NC 



LOAD. MY. TURN L 
L: 



HI2^^ 

— lai^ 



-CBLBSY 



IZl 



745112 



"h-" 



-MY. TURN CLKt 



-NC 



-lii 



HI 2 



S04 
B14 




-MY. TURN FREO L 



;1 USEC CLOCK 



A16 



LISP MACHINE CHAOS NET MY TURN TIMER 



13-AUG-1980 09:51 



Al: CHAOS; LMTURN 





8 WAY 
DtCOOF 
74L5138 








-0 


'^-IIRCSR 






-1 


^^-11RMY# 






-2 


^^-IIRRBUF 






-3 


t^-llRRBTCT 






-4 


'^-nwcsR 






-5 


^^-IIWTBUF 






-6 


i^NC 






-7 


l^m 


UNIBUS.tl-^ 


S3 






UBADDR2-^ 


S? 






URAnORI-1^ 


SI 






SELFCT.aiAtS-^ 


-FNB 






-UBAD0H4 l-^ 


-FNB 






UBAlJ0R6-fi^ 


ENB 









HEX FF 
74LS174 




UBI2-^ 


10 


DO 


^^MATCH.ANY.DEST 


UBU-^ 


II 


Dl 


^^LOOP.BACIC 


UBM-fii 


12 


D2 


^i-RIEM 


UBI5^* 


13 


03 


f^riEN 


TBUSY readback .mm Ul 
has been flusheiP*" 


14 
15 


04 
05 


l^TIHER.IEN 


WCSR-^ 


CtKt 






-RESET -^ 


-CLR 







CIS 

- 1 IWCSR -5i<:j 74S04>fi2 — WCSR 
'814 




BIO 
74S32 rf^ 



UBAD0R3— 1^ 
-HRMY*— ^ 



-READ.DONt 
HI2 
HI2 — ^ 

- i 



WCSR-^ 
UBn3-l^ 



I — v 

SOO bLU.-ii 



ZOT 



IBAD0R3- 



^ 



C14 



wcsrJ^ 

UBI3^^ 



D15 

S04 
B14 




SOO DLii.-ii SAYS.GO 
F04 



IIRRBUF L^^74S0J 
'B14 




IIRRBUF 



HI2 

-TSR.SSYN 

-IIWCSR 

HI2-1^ 

-llRRBTCr-i^ 

-IIRCSR-^^ 

HI2 -i2l^ 

-LOAD INlERVAL-1^ 



IIRRBUF 



l-Si 



S08 y^ — 



-n RD BF 




CHAOS.IREQ 



74S133 , 



C19 



-CHAOS SSYW 



-llRMY/i'-^ 
-A3-^ 



74S32 
015 



IIXMT 



WCSR 
URI8 



13^ 
12i 



SOO 
007 



IICLRTDN 



LISP MACHINE CHAOS NET UNIBUS CONTROL 



16-DEC-1980 22:05 



Al: CHAOS; LMUCON 



GNO- 
GND- 
GNf)- 
GNO- 
GND- 
GND- 
GND- 
GND- 

VCC 



Ltyilii. 



i±y(^ 



L/f4- 



l±y^l: 



i±y<?: 



L/^l= 






-SIL AOR 12 
~SEL ADR 11 
-StL ADR 10 
-SfL ADR 9 
-SEL ADR 8 
-Sf 1 ADR 7 
-Stl ADR 6 
-SEl ADR 5 



£0992 




NC 
^vvv2 NC 

NC 

HI. A 

SFl ADR 15 

SH ADR 14 
1 Ar)R 13 

SEI ADR 12 
■^w9Uii-Sll ADR 11 
->A^li-^Sfl ADR 10 
--^WASXsH ADR 9 
-A^^tJ^StL ADR 8 
-^A^i-^llsEl ADR 7 
-^W^J^SEL ADrt 6 
UAUaisELADRS 
E07»l 





?5IS2521 
B-BIT CMPR 




Z5LS2521 
8-BIT CMPF 




-EQUAL 


19 




-EQUAL 


• 




UBAD0R9-^ 


GNO-^ 


B7 


B7 


10 SEL-^ 


B6 




UBAODRB-^ 


B6 


UBAD0R15-i^ 


B5 




UBAnOR7~^ 


B5 


UBAD0R14-^ 


B4 




UBADORB-^ 


B4 


tJBAnOR13— ^ 


B3 




UBADDR5— ^ 


63 


gnA0DR12~^ 


B2 




UBMSYW— i 


B2 


UBADDRll-^ 


Bl 




GND-^ 


Bl 


UBADORIO-—^ 


BO 




GND-^ 
SEL ADR 9-J^ 


BO 


cm-ti 


A7 


A7 


HI.A-i^ 


A6 




SEL ADR 8-^ 


A6 


SEL ADR 15-^ 


A5 




SEL ADR 7-1^ 


A5 


SEL ADR 14-J^ 


A4 




SEL ADR 6-li 


A4 


SEL ADR 13—^ 


A3 




SEL ADR 5—^ 


A3 


SEL ADR 12-^ 


A2 




HI.A— fi 


A2 


SEL ADR 11—^ 


Al 




GilD—A 


Al 


SEL ADR 10—^ 


AO 




GIID-2L 

1 


AO 


my^ 


-ENB 


-ENB 







E16 



l^SELECT. CHAOS L 



E15 



RESET ^ S04;>Ol*a-RESET L 
^13 



1 S04>Ol2S.R 

74soJ>iQa-w 



WRITE L^^74S0j>iQa-WRITE 
^3 

LOAD IMTERVAL-3SJ S04]^>0*^LOAD INTERVAL L 

"us 




BSEL-2i 
WRITE 
UBAD0R4-1^ 



3"' 



LOAD INTERVAL 



SEUCT. CHAOS L-i5^74S04>t*~BSEL 
^E13 




CHAOS SSYN-^ INPUT 



OH AY 
50»S INCS 
ID250 



SONS 
TOONS 
150NS 
200NS 
250NS 



A12 



^ 



LCi. 



UNIBUS.Cl-^ 
74S04>fis &i 

£13 



sstV^. 



UNIBUS.Cl- 



-READ 



WRITE L 




HI. .A 



BSEL-2S. 
3: 






0% 

74S74 



k- 



>C -Qp~NC 



SSYN.OUT 



-BSEL L 



READ L-3S<:|74SM>B*-READ 
^3 



1-2S. 



DRIVE. UNIBUS L 



CHAOS SSYN' 
UB^TSR 



^j~J isozjp^ — ^ 



;Tliis looks useless but 

; causes the initiate- transmit 

: read-ray-* kludge to win 



<; 74SM>2*4 BOARD. SELECT TOR REAL 



QUAD SPC BOARD 



UNI BUS ADDRESS 



9-FEB-1981 09:52 



Al: CHAOS; QADADR 



GNO <MII> 

!NTFRFERF> CM~T> 

INTERFFRF-— <SO> 

GKD — <inE3> 

RCVR .DATA+— <[i]ZES> 
RC VR , DATA <SO> 

GNO — '<Mn> 

TRANS .DATA*— <ISO> 
TRANS.DA1A- QaES> 

GND— -<ison> 



<1EZ2> GND 

<1ZE21>— -GND 

<JQg-?0> GND 

<ESzM> GND 

<3ilOi> — GND 

<SOZ> GND 

<JQ2-22> GNO 

<Mz3S> GND 

<I12z35> GND 



LISP MACHINE CHAOS NET CONN TO TRANSCEIVER 



17-DEC-1980 10:49 



Al: CHAOS; GAD J PS 



UBI3 

mil 

UBtl 

UBIO— 1^ 
HIl 



16 USEC CLKt 

GNO 

LOAD INTERVAL L- 



-CRY 
-BRW 



11; 



CNT UP 
CNT DN 
CLEAR 
-LOAD 



^i— He 



UBI7 
UBI6 

unt5 

UBI4 
HIl 



-14; 



JUL 



-CRY 
-BRW 






CUT UP 
CNT DN 
CLEAR 
-LOAD 



^^— NC 
i^NC 
-NC 



UBIll 

UBIIO 

UBI9 

UBI8 

HIl 



JUL 



AL 



74LS193 



-GRy 
-BRW 



*^NC 



CNT UP 
CNT DN 
CLEAR 
-LOAD 



^^NC 
^^NC 
i^NC 



UBI15 
UBIU 
UBI13 
UBI12 
HIl 



J14; 



JUL 



-CRY 
-BRW 



LZl.li 



CNT UP 
CNT DN 
CLEAR 
-LOAD 



INTEin^AL OVER L 



^i— NC 
^^— NC 
^^NC 



A20 



C20 



D20 



E19 



HIl- 



74LS 
E20 
INII RVAL OVER L — 2s. >C -q 



■1 



i7A 



-TIMER. READY 



HIl 



12i 



^*~NC INTERVAL OVER L-^^^ -Qp- 



74LS74 
E20 



i^NC 



"I 

TIMTR. READY CLR L 



LOAD INTERVAL-» 
TIMER. IREO CLR 



lasj 
LOAD INTERVAL L 



NC 



NC-^ 

NC 

NC 



-IQJ 



LS02 



Ell 



TIMER. READY CLR L 



HIl- 

Hll-^ 
HIl- 
MCLKt-^ 



4Bn CTR 
74LS163 



TC 



I5i-ii 



111 



ENB T 
ENB P 



-PE 
-CIR 
CLKt 



12;- 



NC 



NC 



1 USEC CLKt 





4B1T CTR 
74LS163 






TC 


I^NC 


NC-^ 


13 


D3 


^^16 USEC cut 


NC~^ 


12 


D2 


^NC 


NC-^ 


11 


Dl 


P^NC 


NT -3^ 


10 


DO 


Wi-NC 


mi^ 


ENB T 






Hii-Zl 


ENB P 






HIl-^ 


-PE 






HIl-^ 


-CLR 






2! 


CLKt 











E12 



HIH 
TIMER. RE ADY-^^ 
TIMER. IEN"2£ 




I 



22UF 
15V 



± 
I 



22UF 
15V 



D1481 



± 

X 



22UF 
15V 



A1091 



QUAD SPC BOARD 



INTERVAL TIMER 



17-DEC-1980 15:21 



Al: CHAOS; QADTIM 



<G2>- 






<5[i>- 



<a3>- 

<OEi>- 









~GNU 

-NC 

-WC 

~GNO 

-GND 

-NC 

-WC 

-GMD 



-GNO 
-GIIO 



-GND 

-G«ID 

-CUD 

-GND 

-GNO 

-NC 

-NC 

-GND 



— 5V 
— 5V 
— 5V 
— 5V 



-+5V 
-+5V 



<5S> DO* 

<gB2> Dl» 

40Z> D2* 

^[^ D3* 

^E> D4« 

4ED 05* 

"^2> — oe* 

^WD 07* 

4II> D8* 

<MZ> 09* 

<g3f> -DIO* 

^gg£> 01 !• 

^S> D12* 

< gTT> 013* 

<RFy> Di4» 

<gQ£) 015* 



dl>- 



dl>- 



— MSYN* 



-SSYN* 



-CO* 



<0a2> A0» 

<BI> Al* 

"CEi>— ~-A2* 

<3© A3* 

<2Z> A4* 

<Si> —-AS* 

<aD -A6* 

<|2E> A7* 

<12> —-AS* 

<Si> A9* 

•CEi>— — — Alo* 

<IX> —All* 

<Q3> A12* 

<K2> A13* 

^KD A14* 

<CE2> — A15* 

<QE2> ~-Ai6* 

<ISI> — A17* 



<55i>- 



-NPG.IN* 



■^ED NPG.our* 



<S2>- 



^SEZ>- 



-BR5* 



^iD — BR4* 



~ — miT* 

<SgZ> BG7.IN* 

'<fi[I> — flG7 . OUT* 

<M> ~BG6JN* 

^S2> BG6.0UT* 

<j[E2>- — BG5.IN* 

4[H2>-- BG5.0UT* 

^B2>— BG4. IN* 

^I2> B64 . our* 



<SiI>- 



<Si>- 



-BBSY* 



-INTR* 



<IG>- 



— SACK* 



<E>- 



— CI* 



<SEI>- 



-uooi* 



QUAD SPC SLOT 



BACKPLANE CONNECTIONS 



4-MAR-1980 12:45 



Al: CHAOS; QUBBPL 




NPG.OUf* 




t\A92 



JUMPFR SMfCl 

fOR I)fSIRM> RFSULTS 



MASlfR~2-i- 
MASUR-^ 

-BG.our^^ 



GND- 
nwr»- 



R838 

UWIHUS 

XCVR 





1 

2 

3 
-HUSO 
-BUSl 

-rnjs? 

-BiJS3 



-INB 
-run 



^^— SSYN.m 
-NC 

-SSYIH* 

-IWFR* 

^^-BBSY* 

^^BG.our* 



TIMER. IREO 
CHAOS. IREQ 



LS02 
B16 



IREQ L 



IREQ L-^ 
-SELECTED L-^ 



NC 
TIMER. IREQ 

CHAOS. IREQ 

BG.IN 
CLR IREQ L 





QUAD I^F 
74S175 




JL. 


" : 




Jll 


-Q 


jT-NC 




Q 


-Q 


9.\ ■ 


,1Z1 


10: 

nrr"c 


^. 




' 
-Q 


B 


m 


j^CHAOS.WT L 




ClKt 
-CIR 







B16 



BG. IN L-^^74S0^>2*~B6. IN 
-GRANTED L ®^^ 



-iSi 




CJ74S0J 
003 



GRANTED 



-CHAOS. INT l^^ 
CLR IREQ L-l^ 



74LS02>3S- 
B16 



TIMER. IREQ CLR 



BG.IN* 



DtlAY 
?ONS INCS 
10100 


-GRANTED-^ 




IKPUl 




4= 




5- 


?ONS 


l^NC 




40NS 


iX-.NC 




60NS 


^NC 




SONS 


'^m 




lOUNS 


u 


13x 


c 


.RANTED-^ 


A15 




LSIO 
FU 



SELECTED 
-MASTER 



1^ 



S38 
F15 



SACK* 



MASTER A 
-CHAOS. INT-^ 



S38\)as«.-| 



MASTER A-^ >L „ 



MASTER 



SSYN.IN 



MASIER — f^ 



-D3* 



S38 yoBs- 



-VA» 



MASTER B^ \ ,, 

MASTER B-^ ^. ^ 

F15 



MASTER L^^ 74SoJ>li^MASTER A 



-^17 



MASTER L-^3a^74soJ;>1Z£.h^j£u g 
'B17 




no 




-MASTER 



QUAD SPC BOARD 



UNIBUS INTERRUPT 



17-DEC-1980 15:50 



Al: CHAOS; QUBINT 



UB015-^ 
UliOM-^-^ 
UB013^^ 
UB012-1^ 



-DRIVt/JNIBUS-^ 



8R38 

UNIiiUS 

XCVR 





1 

2 

3 
-BUSO 
-BUSl 
-BUS2 
-BUS3 



-€NB 
-tWB 



-UBI15 
^^— UBI14 

-UBn3 
^^UHI12 
^ D15* 

-014* 

-D12* 



UBOll-^ 
UBOIO-^ 
UBO«-^^ 
UBOa-^ 



8838 

UNIBUS 

XCVR 





1 

2 

3 
-BUSO 
-BUSl 
-BUS2 
-BUS3 



-CNB 
-ENB 



^^UBIll 
^^— UBIIO 

-Oil* 
-DIO* 



UB07- 
UB06-^ 
UB05^^ 
UB04^Ai 



8838 

UNIBUS 

XCVR 





1 

2 

3 
-BUSO 
-BUSl • 
-BUS2 
-BUS3 



-rNB 
-ENB 



-UBI7 
-UBI6 
Hi^UBl5 
^-i-UBI4 
— D7» 
— D6* 



UB03-^ 
UB02- 
USOl-^ 
IBOO^ 



_li 



8B3a 

UNIBUS 

XCVR 




1 
2 

3 
-BUSO 
-BUSl 
-BUS2 
-BUS3 



-ENB 
-ENB 



^^~UBf3 
-UB12 
"^UBIl 

-D3* 
— D2* 
12;. .01* 



F19 



-Afj* 
-A5* 
-A4* 



-A3* 
-A?» 
-Al» 





8837 
HFX BUS 
RCVR 




5: 6: 
1: 4: 
I: 7: 




7: -INBB 




11: 10: 
13: 12: 
15: 14: 




): -tNBA 



-UBAIX}R6 
-UBAIX)R5 
-UBAI)DR4 



-UBAD0R3 
-UBADDR2 
-UBAOOR] 



-A12»- 
-All*- 
-AlO* - 

GWD- 

-A9*- 
-A8*- 
-A7*- 



8837 
HEX BUS 
RCVR 



11: 
13: 
15: 



-UBAU)R12 
-UBAIXDRll 
-UBADORIO 



-UBADPRQ 
-UBAD0R8 
•>UBA0DR7 



NC- 
-A17* 
-A16* 



-A15* 
-A14* 
-A13* 



GNO 





8837 
HEX BUS 
RCVR 




>: 6: 
J: 4: 
1: 2: 




7: -ENBB 




11: 10: 
13: 12: 
15: 14: 




): -FNBA 



-NC 

-UBADDR17 

-UBADORie 



-UBADDR15 
-UBADDRM 
-UBA0OR13 





8837 
HEX BUS 
«CVR 




-INIT* i: 6: 

BG.IN* — J: 4: 
-CI* ^1: 2: 


RESET 

BG.IN 

■ — UNIBUS. CI 


GND^ — 


7: -ENBB 




-MSYII* 

NC — 
WC 


11:* 10: 
13: 12: 
15: 14: 


- — UBMSYN 

NC 

— NC 


6ND 


): -ENBA 





F07 



F08 



FG9 



UBADDR16-lfi^ 
UBADDR17-^ 




<: 74S04, 



QUAD BOARD CHAOS NET UNIBUS TRANSCEIVER 



9- FEB -1981 10:13 



Al: CHAOS; QUBXCV 



